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1 Introduction 

The Revised Risk Analysis and Risk Characterization Plan for the Lower Passaic River Study 
Area, hereafter referred to as the Revised Risk Analysis and Risk Characterization 
(RARC) Plan, has been prepared as part of the Lower Passaic River Study Area 
(LPRSA) remedial investigation/feasibility study (RI/FS) and describes the proposed 
approach, methods, and assumptions that will be used by the Cooperating Parties 
Group (CPG) to conduct the baseline ecological risk assessment (BERA) and human 
health risk assessment (HHRA), in accordance with US Environmental Protection 
Agency (USEPA) ecological risk assessment guidance (USEPA 1998b, 1997a) and 
HHRA guidance (USEPA 1989b, 1991b, c, 2001b, c, 2004a, b, 2009a).  

Consistent with USEPA guidance (2002d, 2005a), an evaluation of contaminated 
sediment sites should utilize a risk-based framework that is iterative and as 
site-specific as possible given the available data. A key component of assessing the 
potential risks in the LPRSA will be using the data and information from recent 
site-specific studies to make more informed risk management decisions. The use of 
site-specific information is consistent with principles articulated by the National 
Academy of Sciences (NRC 2001) and USEPA (2002d, 2005a) guidance concerning risk 
management decisions at contaminated sediment sites. However, USEPA guidance 
(1991a) also allows for the use of USEPA-developed default values when there is a lack 
of site-specific data or a lack of consensus on which parameter value should be chosen, 
given a range of possibilities. 

A RARC Plan presenting the proposed approach for both the BERA and baseline 
HHRA for the LPRSA was submitted to USEPA on April 15, 2010. A Revised RARC 
Plan was submitted to USEPA on February 10, 2011, and was revised to incorporate 
USEPA comments received on September 10, 2010, including those directed comments 
identified by USEPA on November 5, 2010, as well as follow-up agreements made 
between CPG and USEPA following technical discussions held on December 14 
and 16, 2010.1 USEPA provided comments on the February 10, 2011, document on 
July 11, 2011. On July 25, 2011, CPG invoked dispute resolution based on USEPA 
comments, and submitted a second Revised RARC Plan on August 9, 2011. Dispute 
resolution issues were discussed through a series of meetings and correspondence 
between CPG and USEPA from late fall 2011 through early 2012. This Revised RARC 
Plan has been revised based on the outcome of the dispute resolution process. 
Appendix F provides documentation of the communication and correspondence 
between USEPA and CPG, including the documentation of dispute resolution decision 
outcomes.  

 
1 Some of USEPA’s November 5, 2010, directive comments were resolved during the December 14 and 

16, 2010, meetings. Term sheets prepared as a result of the discussions summarize the agreements 
made in these meetings; these term sheets are provided in Appendix E.  
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In the BERA section of this Revised RARC Plan (Section 2), text referring to selected 
ecological exposure parameters and the ecological exposure parameters appendix has 
been removed. Based on its agreement with USEPA in December 2010, CPG has 
prepared receptor-specific life history profiles (Appendix C of this Revised RARC Plan 
presents the life history profiles of all ecological receptors), from which a range of 
exposure parameters will be selected for use in the BERA.  

1.1 BACKGROUND AND SITE SETTING 
The LPRSA is a large, complex site that is located within a highly urbanized and 
developed region of northern New Jersey. The LPRSA encompasses the lower 
17.4 miles of the Passaic River, from Newark Bay to Dundee Dam. Adjacent land use is 
predominantly industrial in the lower River Miles [RMs] (near Newark Bay) and starts 
to become more commercial, residential, and recreational near RM 4. Land use is 
increasingly residential and recreational above RM 8. The LPRSA has been 
industrialized and urbanized for more than two centuries; it has served as the 
receiving environment for industrial and municipal waste discharges since the 
nineteenth century. However, the river is now being used increasingly for recreational 
activities such as boating and fishing as parks and boat ramps are actively being 
restored or newly established (site-specific information provided by the Passaic River 
Rowing Association (2010), Nereid Boat Club (2010), and the City of Newark (2010)). 

Land use changes and developments have altered the ecology and limited human uses 
of the river and shoreline. Currently, most (approximately 70%) of the riverbank along 
the lower portion of the LPRSA riverbank (from River Mile [RM] 1 to RM 7) is 
comprised of bulkhead and/or riprap and supports a limited amount of vegetation 
(Lower Passaic River Restoration Project, Lower Passaic River RI/FS, Habitat Identification 
Survey Data Report for the Lower Passaic River Study Area Fall 2010 Field Effort 
(Windward [in prep]-c)). The upper portion of the LPRSA riverbank (from RM 7 to 
RM 17.4) is primarily comprised of bulkhead and/or riprap with overhanging 
vegetation. Many municipalities and counties along the Lower Passaic River (LPR) 
have published master plans that call for the expansion and improvement of parks 
and open space along the river, which, if implemented, will lead to greater access to 
the river and improved ecological habitat in the future (Borough of Rutherford and 
CMX 2007; City of Newark 2010; City of Newark et al. 2004; Clarke Caton Hintz and 
Ehrenkrantz Eckstut & Kuhn 1999, 2004; Heyer Gruel 2002, 2003). The shift in the use 
of the waterfront, with increased public access and recreational use, will be upstream 
of Sherwin Williams (approximately at RM 3.6). RM 0 to RM 2 will remain active for 
commercial use into the future, and the stretch from RM 2 to 3.6 will likely be 
developed into Portfields/Brownfields. As noted in USEPA’s memorandum Land Use 
in the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Remedy Selection Process (1995), comprehensive community master plans 
are a valuable source of information for determining reasonably anticipated future 
land use for future risk scenarios.  
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The baseline risk assessments for the LPRSA will be performed within the context of 
the larger New York/New Jersey (NY/NJ) Harbor Estuary, which has also undergone 
significant industrial and urban development. The NY/NJ Harbor Estuary includes a 
network of rivers (e.g., Passaic and Hackensack Rivers), tidal straits (e.g., Arthur Kill), 
and bays (e.g., Raritan, Lower, Upper, and Newark Bays) that are tidally influenced. 
These baseline risk assessments will therefore consider background and reference area 
information2 (see Section 1.3) and site-specific habitat characteristics.  

1.2 OVERVIEW OF SAMPLING PROGRAMS 
CPG has implemented several sampling programs, during which numerous site-
specific datasets (e.g., sediment chemistry/toxicity, water quality, fish/decapod and 
benthic invertebrate tissue chemistry, benthic community, and fish community data) 
have been collected to support the risk assessments. These assessments have followed 
the overarching sampling design presented in the Lower Passaic River Restoration Project 
Draft Field Sampling Plan, Volume 2 (hereafter referred to as FSP2) (Malcolm Pirnie et al. 
2006), which was prepared for USEPA and its Partner Agencies (PA).3 The objectives 
of the CPG-led sampling activities were presented in the following USEPA-approved 
quality assurance project plans (QAPPs) (or those pending USEPA approval and 
identified as “in prep”), which were prepared using the Uniform Federal Policy for 
QAPP (UFP-QAPP) guidance (USEPA et al. 2005):  

 Lower Passaic River Restoration Project Quality Assurance Project Plan: RI 
Low-Resolution Coring/Sediment Sampling (ENSR et al. 2008)  

 Lower Passaic River Restoration Project Quality Assurance Project Plan/Field 
Sampling Plan Addendum: RI Water Column Monitoring/Physical Data Collection 
(AECOM 2009) 

 Lower Passaic River Restoration Project Quality Assurance Project Plan: Fish and 
Decapod Crustacean Tissue Collection for Chemical Analysis and Fish Community 
Survey (Windward 2009a), hereafter referred to as the Fish/Decapod QAPP 

 Lower Passaic River Restoration Project Quality Assurance Project Plan: Surface 
Sediment Chemical Analysis and Benthic Invertebrate Toxicity and Bioaccumulation 
Testing (Windward 2009b), hereafter referred to as the Benthic QAPP 

 
2 Reference area information (also termed reference information) was previously called reference 

conditions. The interchangeable terms reference area information and reference information 
(depending on how the term is used in the sentence) are now used in place of reference conditions to 
be consistent with USEPA’s definitions letter (Attachment B-1 to Appendix B). 

3 The PA include the US Army Corps of Engineers (USACE), the New Jersey Department of 
Environmental Protection (NJDEP), the New Jersey Department of Transportation (NJDOT), the 
National Oceanic and Atmospheric Administration (NOAA), and the US Fish and Wildlife Service 
(USFWS). 
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 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Winter 2010 Fish Community Survey. Addendum to the Quality Assurance Project 
Plan: Fish and Decapod Crustacean Tissue Collection for Chemical Analysis and Fish 
Community Survey. Addendum No. 1, Final (Windward 2010j), hereafter referred 
to as the Fish/Decapod QAPP Addendum No. 1 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Avian Community Survey. Addendum to the Quality Assurance Project Plan: Fish 
and Decapod Crustacean Tissue Collection for Chemical Analysis and Fish Community 
Survey. Addendum No. 2, Final (Windward 2010a), hereafter referred to as the 
Fish/Decapod QAPP Addendum No. 2 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, Late 
Spring/Early Summer 2010 Fish Community Survey. Addendum to the Quality 
Assurance Project Plan: Fish and Decapod Crustacean Tissue Collection for Chemical 
Analysis and Fish Community Survey. Addendum No.3, Final (Windward 2010e), 
hereafter referred to as the Fish/Decapod QAPP Addendum No. 3 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, Late 
Spring/Early Summer 2010 Fish Tissue Collection, Addendum to the Quality 
Assurance Project Plan: Fish and Decapod Crustacean Tissue Collection for Chemical 
Analysis and Fish Community Survey. Addendum No. 4, Final (Windward 2010f), 
hereafter referred to as the Fish/Decapod QAPP Addendum No. 4 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Spring and Summer 2010 Benthic Invertebrate Community Surveys, Addendum to the 
Quality Assurance Project Plan: Surface Sediment Chemical Analyses and Benthic 
Invertebrate Toxicity and Bioaccumulation Testing. Addendum No. 1, Final 
(Windward 2010i), hereafter referred to as the Benthic QAPP Addendum No. 1 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Collection of Surface Sediment Samples Co-Located with Small Forage Fish Tissue 
Samples. Addendum to the Quality Assurance Project Plan: Surface Sediment 
Chemical Analyses and Benthic Invertebrate Toxicity and Bioaccumulation Testing. 
Addendum No. 2, Final (Windward 2010b), hereafter referred to as the Benthic 
QAPP Addendum No. 2 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Habitat Identification Survey. Addendum to the Quality Assurance Project Plan: 
Surface Sediment Chemical Analyses and Benthic Invertebrate Toxicity and 
Bioaccumulation Testing. Addendum No. 3, Final (Windward 2010d), hereafter 
referred to as the Benthic QAPP Addendum No. 3 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Caged Bivalve Study, Addendum to the Quality Assurance Project Plan: Surface 
Sediment Chemical Analyses and Benthic Invertebrate Toxicity and Bioaccumulation 
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Testing. Addendum No. 4 Final (Windward 2011b), hereafter referred to as the 
Benthic QAPP Addendum No. 4 

 Quality Assurance Project Plan/Field Sampling Plan Addendum, Remedial 
Investigation Water Column Monitoring/Physical Data Collection for the Lower 
Passaic River, Newark Bay and Wet Weather Monitoring, Lower Passaic River 
Restoration Project (AECOM 2010b), hereafter referred to as the physical water 
column monitoring (PWCM) QAPP 

 Quality Assurance Project Plan/Field Sampling Plan Addendum, Remedial 
Investigation Water Column Monitoring/Small Volume Chemical Data Collection, 
Lower Passaic River Restoration Project (AECOM 2012a), hereafter referred to as 
the small-volume critical water column monitoring (CWCM) QAPP 

 Quality Assurance Project Plan/Field Sampling Plan Addendum, Remedial 
Investigation Water Column Monitoring/High Volume Chemical Data Collection, 
Lower Passaic River Restoration Project (AECOM 2012a), hereafter referred to as 
the high-volume CWCM QAPP  

 Combined Sewer Overflow/Stormwater Outfall Investigation Quality Assurance 
Project Plan, Lower Passaic River Study Area (Tierra Solutions 2011)  

 Quality Assurance Project Plan: River Mile 10.9 Characterization, Lower Passaic 
River Restoration Project (AECOM 2011b) 

 Lower Passaic River Study Area, Low Resolution Coring Supplemental Sampling 
Program, Quality Assurance Project Plan (AECOM [in prep]-b) 

 Lower Passaic River Restoration Project, Quality Assurance Project Plan, River 
Mile 10.9 Hydrodynamic Field Investigation for the Lower Passaic River (AECOM 
2011a) 

 Quality Assurance Project Plan for Lower Passaic River Restoration Project: Periodic 
Bathymetry Surveys (AECOM 2010a) 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Summer and Fall 2012 Dissolved Oxygen Monitoring Program, Remedial 
Investigation Water Column Monitoring/Physical Data Collection for the Lower 
Passaic River, Newark Bay and Wet Weather Monitoring. Addendum No. 1, Final 
(Windward 2012c), hereafter referred to as the PWCM QAPP Addendum No. 1 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/FS, 
Background Tissue Addendum to the Quality Assurance Project Plan: Fish and 
Decapod Crustacean Tissue Collection for Chemical Analysis and Fish Community 
Survey. Addendum No. 5 Final (Windward 2012b), hereafter referred to as the 
Fish/Decapod QAPP Addendum No. 5 

 Lower Passaic River Restoration Project, Lower Passaic River Study Area RI/F, 
Background and Reference Conditions Addendum to the Quality Assurance Project 
Plan: Surface Sediment Chemical Analyses and Benthic Invertebrate Toxicity and 
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Bioaccumulation Testing. Addendum No. 5 Final, (Windward 2012a), hereafter 
referred to as the Benthic QAPP Addendum No. 5 

Data needs for both baseline risk assessments will be met using data collected by CPG 
or other parties in accordance with the QAPPs listed above and any other QAPPs or 
QAPP addenda also following UFP-QAPP guidance (USEPA et al. 2005). Data to be 
relied upon for use in the risk assessments will meet the data quality objectives 
(DQOs) and evaluation criteria presented in the Revised Data Usability and Data 
Evaluation Plan for the LPRSA Risk Assessments (Windward and AECOM [in prep]), 
hereafter referred to as the Revised Data Usability Plan.  

Risk assessment elements and sampling objectives presented in the following 
documents have been incorporated into the development of this Revised RARC Plan:  

 Lower Passaic River Restoration Project Pathways Analysis Report (Battelle 2005), 
hereafter referred to as the Pathways Analysis Report (PAR)  

 FSP2 (Malcolm Pirnie et al. 2006)  

 LPRSA Human Health and Ecological Risk Assessment Streamlined 2009 Problem 
Formulation (Windward and AECOM 2009), hereafter referred to as the Problem 
Formulation Document (PFD)  

 2008–2010 LPRSA sampling QAPPs  

 2006 BERA workshop (USEPA 2006)  

 2009 FSP2 Workshop  

In addition, historical information, as well as initial evaluations of data collected from 
the lower portion of the LPRSA (Ludwig and Iannuzzi 2005; Iannuzzi et al. 2004), were 
reviewed during the development of this Revised RARC Plan. Finally, in preparing 
the Revised RARC, CPG has reviewed previous evaluations and assumptions used by 
others to estimate human health and ecological risk (Finley et al. 1997; ChemRisk 1996; 
Urban et al. 2009; Battelle 2007); these previous evaluations used older datasets in 
limited portions of the 17.4-mile LPRSA (i.e., RM 1 to RM 7 or RM 8). 

The PAR, prepared by Battelle (2005), assembled the existing information collected by 
USEPA, USACE, and NOAA for the purpose of planning the baseline risk assessments 
for the LPRSA.4 Section IX.37.d of the Settlement Agreement (USEPA 2007) between 
USEPA and the CPG states: “Settling Parties shall conduct the baseline HHRA and 
ecological risk assessment (ERA) (“risk assessments”), in accordance with the Lower 
Passaic River Restoration Project Pathways Analysis Report….” The Settlement 
Agreement also states that the PAR shall be followed in conducting the risk 
assessments, although text within the PAR acknowledges that additional planning will 
be required to develop a full work plan in order to complete the baseline risk 

 
4 Existing information considered in the PAR is listed in Table 1 of that document (Battelle 2005). 
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assessments. The streamlined PFD incorporated the requirements of the PAR and 
provided additional elements for implementing the baseline risk assessments as 
discussed among CPG, USEPA, and the PA during the 2006 BERA (USEPA) and 
January 14 and 15, 2009, FSP2 workshops. Consequently, the PFD supersedes the PAR 
and is the governing document for conducting the risk assessments. 

The PFD (Windward and AECOM 2009) incorporated assumptions relating to the 
ecological and human health conceptual site models (CSMs) and prior agreements 
made among CPG, USEPA, and the PA at the above meetings. The PFD was 
developed by CPG to serve as the “roadmap” for initiating field and analytical work 
necessary to complete the baseline risk assessments, and as the basis for a dialogue 
with USEPA and the PA on pending work and deliverables. Baseline risk assessments 
that incorporate site-specific data and information are crucial for the development of 
remedial goals and sound risk management decisions for the LPRSA. 

1.3 DEVELOPMENT OF BACKGROUND AND REFERENCE AREA INFORMATION5 
Accounting for background and reference area information is integral to evaluating 
risks posed by the release of hazardous substances in the LPRSA. USEPA (2002e) notes 
that a primary objective of CERCLA risk assessments is to provide information on 
risks that can be effectively addressed through remedial actions. Taking into account 
background and reference area information during the risk assessment process 
provides a clear understanding of risks associated with site releases, as opposed to 
risks resulting from the presence of contaminants that may have migrated into the site, 
or that may reflect regional conditions related to human activities (Judd et al. 2003). 
USEPA (2002b) defines background as: “Substances or locations that are not 
influenced by the releases from a site and are usually described as naturally occurring 
or anthropogenic: (1) Naturally occurring substances are present in the environment in 
forms that have not been influenced by human activity; (2) Anthropogenic substances 
are natural and human-made substances present in the environment as a result of 
human activities (not specifically related to the CERCLA site in question).” It further 
defines a background reference area as: “The area where background samples are 
collected for comparison with samples collected on site. The reference area should 
have the same physical, chemical, geological, and biological characteristics as the site 
being investigated, but has not been affected by activities on the site.” Based on these 
definitions, the most appropriate datasets from which to obtain information on 
background and reference information are those collected from areas that have similar 
characteristics to the environment of the LPRSA, which is an urban estuarine system. 

 
5 This section summarizes discussions with USEPA since 2011 and includes directed changes from 

USEPA based on USEPA’s review of the April 13, 2012, RARC. It also includes a summary of 
Appendix B as revised per discussions with USEPA in 2012, receipt of USEPAs June 28, 2013, 
background and reference definitions letter, and per the August 8, 2013, teleconference call between 
CPG and USEPA representatives. 



 

 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
8 

 

A technical memorandum (included as Appendix B), including text developed by 
USEPA, which details the proposed definitions of and approach for developing 
background and LPRSA reference information, has been prepared following a review 
of available data and discussions between USEPA and CPG. 

1.3.1 Background 
Sediment, tissue, and water quality in the LPRSA have been affected by upstream, 
downstream, and Newark Bay sources of historically contaminated sediment, as well 
as by ongoing storm water discharges, sewage overflows, and other permitted 
discharges. These sources thus contribute to the exposure of human and ecological 
receptors in the LPRSA. 

Background is used as a modifying factor in both the BERA and baseline HHRA, as 
well as in setting preliminary remediation goals (PRGs) and cleanup goals during the 
FS (USEPA 2002e). Pertaining to chemical of potential concern (COPC) with high 
background concentrations, USEPA guidance states, “Specifically, the COPCs with 
high background concentrations should be discussed in the risk characterization, and 
if data are available, the contribution of background to site concentrations should be 
distinguished. COPCs that have both release-related and background-related sources 
should be included in the risk assessment.” The guidance further states, “The COPCs 
retained in the quantitative risk assessment should include those hazardous 
substances, pollutants, and contaminants with concentrations that exceed risk-based 
screening levels. The risk characterization should include a discussion of elevated 
background concentrations of COPCs and their contribution to site risks. Naturally 
occurring elements that are not CERCLA hazardous substances, pollutants, and 
contaminants, but exceed risk-based screening levels should be discussed in the risk 
characterization.” 

The LPRSA background evaluation, which will be performed under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
framework, will focus on anthropogenic background given the LPRSA’s location 
within a heavily urbanized and industrial watershed. 

1.3.2 Reference area information 
Reference area information is intended to provide risk assessors with information 
pertaining to effects on biological communities from hazardous substances and other 
stressors that are present in the environment as a result of human activities but can be 
differentiated from effects associated with site releases (USEPA 2002e, 2005a).  
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1.3.3 General methodology for comparing LPRSA data with background and 
reference area information 

The general methodology for developing background for surface sediment, surface 
water, and tissue and reference area information for sediment toxicity and benthic 
community is presented in Appendix B: 

In summary, background for evaluation in the BERA and/or HHRA will be defined 
for: 

 Surface sediment chemistry  

 Surface water quality 

 Fish tissue chemistry (and, if available, fish health observations) 

 Invertebrate (i.e., blue crab) tissue chemistry 

Reference datasets for evaluation in the BERA will be defined for: 

 Benthic community structure 

 Benthic invertebrate sediment toxicity 

Comparison of site data with these background and reference datasets will allow for 1) 
an evaluation of potential non-LPRSA contaminant sources, either historical or 
ongoing, 2) an evaluation of site chemical concentrations relative to background for 
sediment and tissue, and 3) a comparison of LPRSA benthic community structure and 
sediment toxicity with reference area information.  

1.4 RELATED DOCUMENTS AND DOCUMENT ORGANIZATION 
This Revised RARC Plan is one in a series of technical documents being developed by 
CPG to assist in planning for the baseline risk assessments, as described in the PFD 
(Windward and AECOM 2009). Section 2 of this document presents the approach for 
the BERA, and Section 3 presents the approach for the baseline HHRA. Other risk 
assessment-related technical documents that will support the baseline risk 
assessments for the LPRSA RI/FS include: 

 The Revised Data Usability Plan (Windward and AECOM [in prep])  

 The LPRSA Toxicity Reference Value Selection Deliverable (Windward [in prep]-e), 
hereafter referred to as the Toxicity Reference Value (TRV) Deliverable 

 The physical CSM of the entire LPRSA that is currently being prepared by CPG 

 Appendices to this document:  

 Appendix A—COPC and COPEC Selection Process for the Lower Passaic River 
Study Area Risk Assessments 

 Appendix B— Use of Regional Background and Reference Area Information 
Data in the Lower Passaic River Study Area Risk Assessments 
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 Appendix C—Ecological Life History Profiles 

 Appendix D—RAGS Part D Tables Provided by USEPA Region 2, Values and 
Equations Used for Daily Intake Calculations 

 Appendix E—Air Pathway Evaluation Plan 

 Appendix F—USEPA and CPG Communications Related to Risk Assessment 
Planning Documents; documentation of the communication and 
correspondence between USEPA and CPG related to the RARC Plan from 
September 10, 2010, to February 6, 2012 

 Appendix G – USEPA's Technical Memorandum on Fish and Crab 
Consumption Rates for the LPRSA Human Health Risk Assessment   
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2 Ecological Risk Assessment 

This section presents the approach, methods, and assumptions that will be used to 
conduct the BERA. Ecological risks will be evaluated in accordance with USEPA 
guidance (1997a, 1998b). Site-specific data collected prior to 2008 were used to the 
maximum extent possible in formulating the methods and assumptions to be relied 
upon in the BERA.  The additional data collected from the LPRSA since 2008 is being 
used to update the ecological CSM, exposure assumptions, and other aspects of the 
BERA. To date, the following data collection activities have been completed in support 
of the RI/FS, including the BERA: 

 2008 low-resolution coring (LRC) sediment characterization  

 Fall 2009 surface sediment collection for chemistry, benthic toxicity, and 
bioaccumulation testing 

 Fall 2009 and spring and summer 2010 characterization of the benthic 
invertebrate community  

 Late summer/early fall 2009 fish and crab tissue collection and summer 2010 
collection of small forage fish tissue samples  

 Late summer/early fall 2009, winter 2010, and late spring/early summer 2010 
characterization of the fish community (including health assessments of fish) 

 Summer 2010 collection of co-located surface sediment samples (with co-located 
small forage fish tissue samples) 

 Summer 2010 habitat survey 

 Summer 2010, fall 2010, winter 2011, and spring 2011 avian community surveys  

 2010 collection of PWCM data 

 45-day caged bivalve pilot study conducted from November 2010 to January 
2011 

 Spring 2011 90-day caged bivalve study 

 Collection of small-volume CWCM data 

 Collection of high-volume CWCM data 

 Collection of RM 10.9 sediment and hydrodynamic data 

 Collection of LRC supplemental sediment data 

 Collection of additional bathymetry data 

 Collection of background/reference area information from locations described 
in Appendix B of this RARC 

 Collection of dissolved oxygen data 
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The following data collection activities are planned/are currently taking place in 
support of the RI/FS, including the BERA: 

 Collection of data from combined sewer overflows (CSOs) and stormwater 
overflow  

The ecological setting of the LPRSA has been described in several biological and 
habitat surveys (Baron 2011; Germano & Associates 2005; Iannuzzi et al. 2008; 
Iannuzzi and Ludwig 2004; Ludwig et al. 2010; Windward 2010c, 2011a, c) and has 
been further characterized using the results of recently completed habitat and 
biological surveys (Windward [in prep]-a, b, c, d). The BERA will reflect changes to 
the CSM based on the additional information collected in these surveys.    

In evaluating the potential risks to ecological receptors from contaminants in the 
LPRSA, it is also necessary to account for the habitat characteristics of the LPR within 
the NY/NJ Harbor Estuary (e.g., habitat characteristics of migratory fish, birds, or 
mammals with large home ranges). The NY/NJ Harbor Estuary is a highly urbanized 
watershed that includes a network of rivers (e.g., the Passaic and Hackensack Rivers), 
tidal straits (e.g., Arthur Kill), and bays (e.g., Raritan, Lower, Upper, Newark Bays) 
that are tidally influenced.  

As described in Section 1, the exposure of ecological receptors to LPRSA contaminants 
is limited by available habitat; shoreline habitats are limited, largely as a result of 
historical and current industrial use and residential development of the shoreline, 
particularly in the lower portion of the LPRSA. The LPRSA shoreline can be generally 
divided into two main areas: a lower portion (RM 0 though RM 8), which is largely 
characterized by a developed shoreline with structures that abut industrial properties, 
and an upper portion (RM 8 through RM 17.4), which is characterized by mixed 
vegetation that abuts roads, parks, and residential properties. Understanding the 
impacts of habitat constraints in the LPRSA as well as urban characteristics that 
influence the risks to ecological receptors is part of assessing current ecological risks 
and planning restoration. 

This section presents the approach, methods, and assumptions for conducting the 
LPRSA BERA. The BERA is designed to assess risks based on chemical stressors to 
ecological receptors identified for evaluation of the LPRSA. The process for 
conducting the BERA is consistent with USEPA’s eight-step process for conducting 
ERAs (USEPA 1997a), as presented in Figure 2-1. 
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Source: USEPA (1997a) 

Figure 2-1. ERA eight-step process for Superfund 
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The ERA eight-step process encompasses multiple major deliverables and sampling 
efforts: 

 The PAR (Battelle 2005) presented Steps 1 and 2, in which initial chemicals of 
potential ecological concern (COPECs) were identified and an initial CSM 
(which identified initial ecological receptors, exposure pathways, and 
assessment endpoints) was presented. In the context of the LPRSA, the PAR 
served as the first scientific/management decision point (SMDP) (Figure 2-1). 

 Steps 3 through 5 of the eight-step process are outlined in the USEPA-approved 
PFD (Windward and AECOM 2009), as well as in CPG’s QAPPs, which serve as 
planning documents for data collection activities. The USEPA-approved 2008 
through 2012 QAPPs and QAPP addenda are listed in Section 1.  

 Step 6 includes the collection of data as outlined in the QAPPs. These data are 
used to refine the BERA problem formulation. Methods for data analysis are 
presented in this document.  

 Step 7 of the eight-step process is the BERA, which will be conducted using the 
methods outlined in this document. 

 In Step 8, risk managers will rely upon the results of the BERA and the baseline 
HHRA to make informed remedial decisions. The signing of the Record of 
Decision will represent the final SMDP.  

The remainder of this section presents a summary of the BERA problem formulation 
and the analysis plan for conducting the BERA. 

2.1 SUMMARY OF THE PROBLEM FORMULATION 
The PFD (Windward and AECOM 2009) outlined the specific factors to be addressed 
in the BERA. The selected receptors, exposure pathways, assessment and 
measurement endpoints, and CSM were addressed in the PFD. These components are 
summarized in the following subsections:  

 Screening process for the identification of COPECs (Section 2.1.1) 

 Selected ecological receptor groups (Section 2.1.2) 

 Selected assessment and measurement endpoints (Section 2.1.3) 

 Ecological CSM (Section 2.1.4)  
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2.1.1 Screening process for the identification of COPECs 
The PAR (Battelle 2005) included an initial COPEC screening step based on data 
collected from the lower portion of the LPRSA. Because additional data representing 
the entire LPRSA have been collected since the PAR was produced, a revised 
screening will be conducted for the BERA. The process for identifying COPECs by 
media that will be performed in the BERA is outlined in Appendix A and summarized 
below.  

Ecological COPECs will be identified through a multi-step, risk-based screening 
process for each exposure medium (i.e., surface sediment, surface water, and tissue). 
One or more of these media will be used in the evaluation of risks to the ecological 
receptors:  

 Surface sediment COPECs will be identified for the evaluation of risks to 
benthic invertebrates and aquatic plants only. No sediment COPECs will be 
identified for amphibians or reptiles because insufficient sediment toxicity data 
are available (TRV Deliverable, Windward [in prep]-e). Sediment COPECs will 
not be identified for fish because the evaluation of uptake from sediment to fish 
is incorporated as part of the tissue evaluation and dietary assessment. 

 Surface water COPECs will be identified for the evaluation of risks to 
zooplankton, benthic invertebrates, fish, aquatic plants, amphibians, and 
reptiles. 

 Tissue COPECs will be identified (on a species-specific basis) for the evaluation 
of risks to benthic invertebrates and fish.  

 Fish and avian egg tissue COPECs will be identified based on estimated egg 
tissue concentrations. 

 Dietary COPECs will be identified for the evaluation of risks to birds and 
mammals. Risks to birds and mammals will be evaluated based on a dietary 
assessment, in which dietary doses will be modeled using prey tissue and 
sediment data.  

Tissue concentrations for fish and avian egg tissue will be estimated for, but not 
limited to, polychlorinated biphenyls (PCBs), total dichlorodiphenyltrichloroethanes 
(DDTs), mercury, and polychlorinated dibenzo-p-dioxins (PCDDs)/polychlorinated 
dibenzofurans (PCDFs); the chemical modeling parameters for estimating fish and 
avian egg tissue will be provided in the BERA. 

COPECs will be identified using the screening process presented in Appendix A. The 
screening process is intended to eliminate chemicals that pose clearly negligible risks. 
Screening-level values for each receptor group will be used for each medium. The 
result will be a set of COPEC-receptor pairs to be evaluated in the BERA. 
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2.1.2 Selected ecological receptor groups 
The ecological receptor groups to be used in the BERA are presented in the PFD 
(Windward and AECOM 2009) and include the following:  

 Zooplankton community  

 Benthic invertebrate community  

 Macroinvertebrate populations  

 Mollusk populations 

 Fish populations (i.e., mummichog, banded killifish/darter, white perch, 
channel catfish/brown bullhead, American eel, and largemouth bass) 

 Bird populations (i.e., mallard duck, spotted sandpiper, heron/egret, and 
belted kingfisher) 

 Mammal populations (i.e., river otter) 

 Aquatic plant community  

 Amphibian populations  

 Reptile populations 

Ecological receptor groups in the PFD (Windward and AECOM 2009) were updated 
from those selected in the PAR (Battelle 2005) based on the 2006 BERA (USEPA) and 
January 14 and 15, 2009, FSP2 workshops. Subsequent to the late summer/early fall 
2009 sampling effort, the following refinements were made to the selected ecological 
receptor groups identified in the PFD per the January 20, 2010, meeting between 
USEPA and CPG regarding the analysis of the crab and fish caught during this 
sampling effort: 

 Macroinvertebrate populations—Blue crab and crayfish were identified in the 
PFD (Windward and AECOM 2009) to represent macroinvertebrate 
populations in the estuarine and freshwater portions of the LPRSA, 
respectively. However, per agreement between CPG and USEPA (Windward 
2010g), blue crab will be the only species used to represent the 
macroinvertebrate population, for both the estuarine and freshwater portions of 
the LPRSA, because of the limited number of crayfish collected in the 
freshwater portion.  

 Invertivorous fish populations—White perch, channel catfish, and brown 
bullhead were identified in the PFD (Windward and AECOM 2009) to represent 
invertivorous fish. White catfish were also collected during the late 
summer/early fall 2009 sampling effort, and USEPA requested the analysis of 
these fish. Therefore, white catfish will also be used in the evaluation of 
freshwater invertivorous fish. Although these fish species are categorized as 
invertivorous, a portion of the diet of adults of these species includes fish (see 



 

 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
17 

 

Appendix C); and the inclusion of fish as a portion of their diet will be 
evaluated in the BERA.  

 Piscivorous fish populations—American eel and largemouth bass were 
identified in the PFD (Windward and AECOM 2009) to represent piscivorous 
fish. Smallmouth bass and northern pike were also collected during the late 
summer/early fall 2009 sampling effort, and USEPA requested the analysis of 
these fish. Therefore, smallmouth bass and northern pike will also be used in 
the evaluation of freshwater piscivorous fish.  

 Amphibian populations—The evaluation of amphibians has been refined to 
focus on early-life-stage amphibians, as this is the life stage most closely linked 
to the aquatic environment. 

Table 2-1 presents the ecological receptor groups and focal species that were selected 
for evaluation in the BERA. 

Table 2-1. Selected ecological receptors 
Receptor Group Feeding Guild Focal Species 

Zooplankton community na multiple species 

Benthic invertebrate 
community na multiple infaunal species, including Hyalella azteca, 

Chironomus dilutus, and Ampelisca abdita  

Macroinvertebrate 
populations na blue crab 

Mollusk populations na ribbed mussel (Geukensia demissa) and freshwater mussel 
(Elliptio complanata) 

Fish populations 

benthic omnivore  
(small forage fish) mummichog, other small forage fish 

invertivore white perch, channel catfish, white catfish, brown bullhead 

piscivore American eel, largemouth bass, smallmouth bass, northern 
pike 

Bird populations 

aquatic herbivorea mallard ducka 

sediment-probing 
invertivore spotted sandpiper 

migratory piscivore heron/egret species 

resident piscivore belted kingfisher 

Mammal populations piscivoreb river otterb 

Aquatic plant community na multiple species, including submerged macrophytesc 

Amphibian populations na multiple speciesd 

Reptile populations na multiple speciesd 

a The mallard duck is not proposed to be a quantitatively evaluated receptor because the potential exposure to 
chemicals is expected to be higher for other higher-trophic-level avian receptors (i.e., invertivores and 
piscivores). 

b The selected semi-piscivorous mammal (i.e., river otter) is expected to be protective of herbivorous and 
omnivorous mammals (e.g., muskrat) because piscivorous and omnivorous mammals feed on organisms that 
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are higher on the food chain. The mink will also be assessed since possible mink tracks were observed near 
Dundee Dam during the CPG LPRSA FSP2 biological surveys.  

c The aquatic plant community in the LPRSA is limited by the physical development of the shoreline and poor 
light penetration of the water. 

d Amphibians and reptiles have a limited presence in the estuarine portion of the LPRSA. 
LPRSA – Lower Passaic River Study Area 

2.1.3 Selected assessment and measurement endpoints 
Assessment endpoints, risk questions, and measurement endpoints were presented in 
the PFD (Windward and AECOM 2009) and will be used to define how risks will be 
evaluated in the BERA. USEPA (1998b) defines assessment endpoints as “explicit 
expressions of the actual environmental value that is to be protected, operationally 
defined by an ecological entity and its attributes.” The BERA for the LPRSA will be 
based on a community- or population-level assessment. It is recognized, as a general 
rule in the state of the science of ERAs, that assessing population-level impacts may be 
difficult for some receptors. Therefore, population-level impacts will be inferred for 
some receptors from data based on impacts on individuals (using growth, survival, 
and reproduction endpoints). An example of this inference is the benthic invertebrate 
community assessment. While community surveys will help to determine how the 
benthic community is responding to potential chemical impacts, the toxicity tests will 
be based on individual organism responses. These individual organism responses will 
then be interpreted within the context of a community-level impact. This process is 
discussed further in the risk characterization section.  

Table 2-2 presents an overview of the assessment endpoints and selected receptor 
groups for the BERA, risk questions, and measurement endpoints, modified with 
additional details from the assessment endpoint table presented in the PFD 
(Windward and AECOM 2009). Table 2-2 also presents a data use objective for each 
measurement endpoint and the types of abiotic and biotic data that will be collected 
for the risk evaluation. 
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Table 2-2. Summary of assessment endpoints for the LPRSA BERA 

Testable Risk Question Description of Measurement Endpoint Data Use Objective 
LPRSA Data to be Used to  

Derive Exposure Concentrations 

Assessment Endpoint No. 1—Maintenance of the zooplankton community that serves as a food base for juvenile fish 
Selected Receptor Group—Zooplankton community (multiple species represented)  

Are COPEC concentrations in surface 
water in the LPRSA at levels that 
might affect the maintenance of the 
zooplankton community as a food 
resource for fish? 

chemical concentrations in surface water collected 
from relevant exposure areas as compared with 
toxicity-based values (i.e., aquatic thresholds) 

estimating the exposure of 
zooplankton to chemicals in surface 
water via various exposure pathways 

surface water chemistry and conventional 
(i.e., physical) parameters from relevant 
exposure areas based on the 2011-2012 
CPG sampling efforts and any additional 
data that meet DQOsa 

Assessment Endpoint No. 2—Protection and maintenance (i.e., survival, growth, and reproduction) of the benthic invertebrate community, both as an environmental resource in itself 
and as one that serves as a forage base for fish and wildlife populations 
Selected Receptor Group—Benthic invertebrate community (multiple infaunal species represented) 

Are benthic communities different from 
those found in similar nearby water 
bodies, where chemical 
concentrations are at background 
levels? 

community structure data (e.g., total invertebrate 
abundance, species richness, and abundance of 
species or specific taxonomic groups) as compared 
with appropriate reference informationb datasets 
using diversity indices and multivariate and spatial 
statistical techniques; to be used as part of the 
benthic invertebrate SQT approach 

assessing adverse effects of LPRSA 
chemicals on the benthic invertebrate 
community via various exposure 
pathways; evaluating reference 
informationb and physical/biological 
stressors  

benthic invertebrate community data 
based on taxonomy data collected during 
fall 2009 and spring and summer 2010 
and any additional data that meet DQOsa 

Are COPEC residues in benthic 
invertebrate tissues from the LPRSA 
at levels that might cause an adverse 
effect on survival, growth, and/or 
reproduction of infaunal invertebrates? 

chemical concentrations in laboratory-exposed 
benthic infaunal invertebrate tissues (Nereis virens 
in the estuarine portion and Lumbriculus variegatus 
in the freshwater portion) exposed to LPRSA 
sediment in 28-day bioaccumulation tests as 
compared with CTR 

assessing adverse effects of LPRSA 
chemicals on benthic infaunal 
invertebrates; developing a FWM for 
higher organisms 

whole-body infaunal benthic invertebrate 
tissue from laboratory bioaccumulation 
tests based on LPRSA surface sediment 
collected during fall 2009 and any 
additional data that meet DQOsa 

Are COPEC concentrations in LPRSA 
sediments from the biologically active 
zone at levels that might cause an 
adverse effect on survival, growth, 
and/or reproduction of the benthic 
invertebrate community?  

chemical concentrations in sediment as compared 
with toxicity-based sediment quality values from the 
literature that are specific to benthic invertebrates; 
to be used as part of the benthic invertebrate SQT 
approach  

estimating the exposure of benthic 
invertebrates to chemicals in sediment 
via various exposure pathways 

surface (0 to 15 cm) sediment chemistry 
and conventional parameters based on 
2008-20012 LPRSA surface sediment 
data, and any additional data that meet 
DQOsa 

laboratory bioassay tests (28-day survival and 
growth of Hyalella azteca throughout the LPRSA, 
10-day survival and growth of Chironomus dilutus 
in the freshwater portion, and 10-day survival of 
Ampelisca abdita in the estuarine portion) using 
LPRSA sediment compared with control and 
reference information,b to be used as part of the 
benthic invertebrate SQT approach 

assessing adverse effects of LPRSA 
chemicals in sediment on benthic 
invertebrates via various exposure 
pathways; evaluating reference 
informationb and physical/biological 
stressors  

toxicity tests based on surface (0 to 15 
cm) sediment collected during fall 2009 
and any additional data that meet DQOsa 
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Table 2-2. Summary of assessment endpoints for the LPRSA BERA 

Testable Risk Question Description of Measurement Endpoint Data Use Objective 
LPRSA Data to be Used to  

Derive Exposure Concentrations 

Are COPEC concentrations in surface 
water from the LPRSA at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of the benthic invertebrate 
community?  

chemical concentrations in surface water collected 
from relevant benthic invertebrate exposure areas 
as compared with toxicity-based values (i.e., 
aquatic thresholds) 

estimating the exposure of benthic 
invertebrates to chemicals in surface 
water via various exposure pathways 

surface water chemistry and conventional 
parameters from relevant exposure areas 
(e.g., near-bottom) based on the 2011-
2012 sampling efforts and any additional 
data that meet DQOsa 

Assessment Endpoint No. 3—Protection and maintenance (i.e., survival, growth, and reproduction) of healthy populations of blue crab and crayfish that serve as a forage base for 
fish and wildlife populations and as a base for sports fisheries 
Selected Receptor Group—Decapods (blue crab) 

Are COPEC residues in benthic 
macroinvertebrate tissues from the 
LPRSA at levels that might cause an 
adverse effect on survival, growth, 
and/or reproduction of 
macroinvertebrate (blue crab and 
crayfish) populations in the LPRSA?  

chemical concentrations in site-collected benthic 
macroinvertebrate whole-body tissue (i.e., crab ) as 
compared with literature-based CTR 

estimating the exposure of benthic 
macroinvertebrates to chemicals via 
various exposure pathways; 
developing a FWM 

whole-body benthic macroinvertebrate 
tissue of blue crab collected from the late 
summer / early fall 2009 sampling effort 
and any additional data that meet DQOsa 

Are COPEC concentrations in LPRSA 
sediments from the biologically active 
zone at levels that might cause an 
adverse effect on survival, growth, 
and/or reproduction of 
macroinvertebrate populations?  

chemical concentrations in sediment as compared 
with toxicity-based sediment quality values from the 
literature that are specific to benthic 
macroinvertebrates  

estimating the exposure of benthic 
invertebrates to chemicals in sediment 
via various exposure pathways 

surface (0 to 15 cm) sediment chemistry 
and conventional parameters based on 
2008-2012 LPRSA surface sediment data, 
and any additional data that meet DQOsa 

Are COPEC concentrations in surface 
water from the LPRSA at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of macroinvertebrate populations?  

chemical concentrations in surface water collected 
from relevant benthic macroinvertebrate exposure 
areas as compared with toxicity-based values (i.e., 
aquatic thresholds) 

estimating the exposure of benthic 
macroinvertebrates to chemicals in 
surface water via various exposure 
pathways 

surface water chemistry and conventional 
parameters from relevant exposure areas 
(e.g., near-bottom) based on the 2011-
2012 sampling efforts and any additional 
data that meet DQOsa 

Assessment Endpoint No. 4—Protection and maintenance (i.e., survival, growth, and reproduction) of healthy mollusk populations 
Selected Receptor Group—Bivalves (multiple species represented)  

Are COPEC residues in bivalve 
mollusk tissues from the LPRSA at 
levels that might cause an adverse 
effect on survival, growth, and/or 
reproduction of mollusk populations in 
the LPRSA? 

chemical concentrations in tissue from in situ 
caged bivalves(ribbed mussel [Geukensia demissa] 
and freshwater mussel (Elliptio complanata])b 

assessing adverse effects of LPRSA 
chemicals on bivalves; developing a 
FWM  

whole-body bivalve mollusk tissue of 
selected test bivalve speciesb 
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Table 2-2. Summary of assessment endpoints for the LPRSA BERA 

Testable Risk Question Description of Measurement Endpoint Data Use Objective 
LPRSA Data to be Used to  

Derive Exposure Concentrations 

Are COPEC concentrations in LPRSA 
sediments from the biologically active 
zone at levels that might cause an 
adverse effect on survival, growth, 
and/or reproduction of mollusk 
populations?  

chemical concentrations in sediment as compared 
with toxicity-based sediment quality values from the 
literature that are specific to bivalve mollusks 

estimating the exposure of bivalve 
mollusks to chemicals in sediment via 
various exposure pathways 

surface (0 to 15 cm) sediment chemistry 
and conventional parameters based on 
2008-2012 LPRSA surface sediment data, 
and any additional data that meet DQOsa 

Are COPEC concentrations in surface 
water from the LPRSA at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of mollusk populations?  

chemical concentrations in surface water collected 
from relevant bivalve mollusk exposure areas as 
compared with toxicity-based values (i.e., aquatic 
thresholds) 

estimating the exposure of bivalve 
mollusks to chemicals in surface water 
via various exposure pathways 

surface water chemistry and conventional 
(e.g., near-bottom) parameters from 
relevant exposure areas based on the 
2011-2012 sampling efforts and any 
additional data that meet DQOsa 

Assessment Endpoint No. 5—Protection and maintenance (i.e., survival, growth, and reproduction) of omnivorous, invertivorous, and piscivorous fish populations that serve as a 
forage base for fish and wildlife populations and as a base for sports fisheries 
Selected Receptor Groups—Benthic omnivore: mummichog, banded killifish/darter; invertivore: white perch, catfish/bullhead; piscivore: American eel, bass/pike 

Are COPEC concentrations in fish 
tissue from the LPRSA at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of populations of fish that use the 
LPRSA? 

chemical concentrations or toxic equivalencies 
measured in site-collected fish whole-body tissue 
(and estimated egg tissue based on egg lipid data) 
as compared with literature-based CTR; exposure 
areas and SUFs will be based on potential LPRSA 
habitat and where fish are present in LPRSA per 
fish community surveys 

estimating the exposure of selected 
fish focal species, and other species 
that prey upon those organisms, to 
chemicals via various exposure 
pathways; evaluating background 
levels and physical/biological stressors 
as part of risk characterization to help 
make informed risk management 
decisions 

whole-body fish tissue based on: fish 
collected in late summer/early fall 2009 
and summer 2010, and any additional 
data that meet DQOs;a LPRSA 
mummichog egg lipid content collected in 
2010; whole-body tissue concentrations 
for several selected fish focal species 
using the methods presented in the 
Revised Data Usability Plan (Windward 
and AECOM [in prep]) 

prey taxonomy identified in selected LPRSA fish 
focal species 

defining the exposure parameters 
(e.g., diet, trophic level) and prey 
composition of fish species within the 
LPRSA  

fish stomach prey taxonomy based on 
regional literature; LPRSA-specific data 
are not available because of the limited 
number of fish collected in the late 
summer/early fall 2009 (Windward 2010a) 

physical and biological information based on gross 
internal/external fish health observations; 
histopathology of selected fish species may also be 
evaluated per USEPA direction 

assisting in the interpretation of the 
results in terms of fish population 
health 

gross internal/external health observations 
based on LPRSA fish community data 
collected in 2009 and 2010 

literature-based information on fish trophic feeding 
level and habitat use of selected LPRSA fish focal 
species 

defining the exposure parameters 
(e.g., diet, trophic level) and exposure 
areas (e.g., habitat identification and 
stratification) for selected fish focal 
species within the LPRSA 

LPRSA fish community data collected in 
2009 and 2010; literature searchc 
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Table 2-2. Summary of assessment endpoints for the LPRSA BERA 

Testable Risk Question Description of Measurement Endpoint Data Use Objective 
LPRSA Data to be Used to  

Derive Exposure Concentrations 

Are modeled dietary exposures to 
COPECs from LPRSA prey at levels 
that might cause an adverse effect on 
survival, growth, and/or reproduction 
of fish populations that use the 
LPRSA? 

Focal species-specific modeled daily doses of 
COPECsd (estimated from surface sediment and 
prey [invertebrate and fish] tissue chemistryd) as 
compared with literature-based dietary effect 
thresholds; exposure areas and SUFs will be 
based on potential LPRSA habitat and where fish 
are present in LPRSA per fish community surveys; 
LPRSA water temperature data will be used to 
determine fish ingestion rates 

estimating the exposure of selected 
fish focal species to chemicals via the 
dietary exposure pathway  

surface (0 to 15 cm) sediment chemistry 
from relevant exposure areas and benthic 
invertebrate and fish prey (or 
representative prey) tissue; sediment data 
based on LPRSA surface sediment 
collected from 2008 to 2012, and any 
additional data that meet DQOs;a tissue 
data based on invertebrate and fish tissue 
collected from the late summer/ early fall 
2009 sampling effort and any additional 
data that meet DQOsa 

Are COPEC concentrations in surface 
water from the LPRSA at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of fish populations that use the 
LPRSA?  

chemical concentrations in surface water collected 
from relevant fish exposure areas as compared 
with literature-based toxicity values (i.e., aquatic 
thresholds); exposure areas and SUFs will be 
based on potential LPRSA habitat  

estimating the exposure of selected 
fish focal species to chemicals in 
surface water via various exposure 
pathways  

surface water chemistry from relevant 
exposure areas based on the 2011-2012 
sampling efforts and any additional data 
that meet DQOsa 

What are the egg numbers (or mass) 
from estuarine benthic omnivores (i.e., 
mummichog) from the LPRSA?  

egg counts (or mass) in selected gravid 
mummichog 

assisting in the interpretation of the 
results in terms of fish population 
health 

LPRSA mummichog eggs from selected 
gravid females collected in 2010  

Assessment Endpoint No. 6—Protection and maintenance (i.e., survival, growth, and reproductionf) of herbivorous, omnivorous,g sediment-probing, and piscivorous bird populations; 
use of LPRSA habitat for breeding used to determine the relative weight for the bird egg measurement endpoint 
Selected Receptor Groups—Aquatic herbivore: mallard duck; sediment-probing invertivore: spotted sandpiper; migratory piscivore: heron/egret; resident piscivore: belted kingfisher  

Are modeled dietary-doses of 
COPECs based on LPRSA biota, 
sediment, and surface water and/or 
modeled piscivorous bird egg tissues 
based on LPRSA fish at levels that 
might cause an adverse effect on 
survival, growth, and/or reproduction 
of bird populations that use the 
LPRSA? 

Focal species-specific modeled daily doses 
(estimated from surface water, surface sediment, 
and prey [invertebrate and fish] tissue chemistry) 
as compared with literature-based dietary-dose 
effect thresholds; modeled piscivorous bird egg 
tissue-residue concentrations (estimated from fish 
prey tissue chemistry using dietary-dose/maternal 
transfer model) as compared with literature-based 
bird egg tissue-residue effect thresholds; exposure 
areas and SUFs will be based on potential LPRSA 
habitat areas and presence of species per avian 
community surveys 

estimating the exposure of selected 
bird focal species to chemicals in 
surface water, sediment, and prey 
tissueh via various exposure pathways; 
developing a FWM  

surface (0 to 15 cm) sediment and surface 
water chemistry from relevant exposure 
areas and benthic invertebrate and fish 
prey (or representative prey) tissue; based 
on surface sediment data are from 2008-
2012, surface water datafrom 2011-2012, 
and tissue data from 2009-2010 
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Table 2-2. Summary of assessment endpoints for the LPRSA BERA 

Testable Risk Question Description of Measurement Endpoint Data Use Objective 
LPRSA Data to be Used to  

Derive Exposure Concentrations 

Assessment Endpoint No. 7—Protection and maintenance (i.e., survival, growth, and reproduction) of aquatic mammal populations  
Selected Receptor Group—Piscivore: river otter 

Are modeled dietary-doses of 
COPECs based on LPRSA biota, 
sediment, and surface water at levels 
that might cause an adverse effect on 
survival, growth, and/or reproduction 
of aquatic mammal populations that 
use the LPRSA? 

Focal species-specific modeled daily doses 
(estimated from surface water, surface sediment, 
and prey [invertebrate and fish] tissue chemistry) 
as compared with literature-based dietary-dose 
effect thresholds; exposure areas and SUFs will be 
based on potential LPRSA habitat areas  

estimating the exposure of selected 
mammal focal species to chemicals in 
surface water, sediment, and prey 
tissue via various exposure pathways; 
developing a FWM  

surface (0 to 15 cm) sediment and surface 
water chemistry from relevant exposure 
areas and benthic invertebrate and fish 
prey (or representative prey) tissue; based 
on surface sediment data from 2008-2012, 
surface water data from 2011-2012, and 
tissue data from 2009-2010 

Assessment Endpoint No. 8—Maintenance of healthy aquatic plant populations as a food resource and habitat for fish and wildlife populations 
Selected Receptor Group—Aquatic plant populations (multiple species represented)  

Are COPEC concentrations in surface 
sediment and/or surface water in the 
LPRSA at levels that might affect the 
maintenance of healthy aquatic plant 
populations as a food resource and 
habitat to fish and wildlife?  

chemical concentrations in surface water and/or 
sediment collected from relevant aquatic plant 
exposure areas as compared with toxicity-based 
values (i.e., aquatic thresholds); exposure areas 
will be based on potential LPRSA habitat  

estimating the exposure of aquatic 
plants to chemicals in surface 
sediment and/or surface water via 
direct contact with chemicals in 
sediment and water 

surface (0 to 15 cm) sediment and surface 
water chemistry and conventional 
parameters from relevant exposure areas; 
surface water data based on 2011-
2012sampling effort(s) and any additional 
data that meet DQOsa 

Assessment Endpoint No. 9—Protection and maintenance (i.e., survival, growth, and reproduction) of healthy amphibian and reptile populations 
Selected Receptor Group—Amphibian (early-life stage) and reptile populations (multiple species represented) 

Are COPEC concentrations in surface 
water and/or surface sediment from 
LPRSA at levels that might cause an 
adverse effect on the survival, growth, 
and/or reproduction of amphibian and 
reptile populations that use the 
LPRSA? 

chemical concentrations in surface water and/or 
sediment collected from relevant amphibian and/or 
reptile exposure areas as compared with available 
toxicity-based values (i.e., aquatic thresholds); 
exposure areas will be based on potential LPRSA 
habitat  

estimating the exposure of amphibian 
and reptiles to chemicals in surface 
sediment and/or surface water via 
direct contact 

surface (0 to 15 cm) sediment and surface 
water chemistry and conventional 
parameters from relevant exposure areas; 
surface water data based on 2011-2012 
sampling efforts and any additional data 
that meet DQOsa 

Notes: Assessment endpoints as presented in the PFD (Windward and AECOM 2009). Although each endpoint focuses on chemical exposure, additional data will be collected on 
conventional parameters (e.g., grain size) to help in ecosystem characterization as part of the risk characterization for risk management decisions. 

a Any additional current LPRSA data that meet the risk assessment-specific DQOs described in the Revised Data Usability Plan (Windward and AECOM [in prep]) may also be 
used in the BERA to estimate exposure.  

b The terminology presented in the PFD (Windward and AECOM 2009) was changed from “regional background levels” to “background and referenceinformation” for consistency 
with the terminology and definitional provided in Appendix B (Use of Regional Background and Reference Area Information in the Lower Passaic River Study Area Risk 
Assessments). 

c Additional physical and biological information collected during the fish community surveys (e.g., gross internal/external health observations) will also be used in the risk 
assessment to assist in the interpretation of the results in terms of fish population health.  

d For chemicals that are metabolized or otherwise regulated by fish, a tissue-residue approach is not appropriate; therefore, a dietary model will be used as a line of evidence for 
evaluating risks to fish from metabolized or otherwise regulated chemicals.  
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e As discussed in Section 2.3.2.2, surface water will not be incorporated into the fish dietary assessment, as water ingestion rates for fish are largely unavailable, and fish toxicity 
studies that measure both food and water ingestion of chemicals are very limited. 

f Given that few aquatic birds currently use the LPRSA for breeding because of habitat constraints, the reproduction assessment endpoint for birds will evaluate whether the 
existing chemical concentrations would impact reproduction if suitable habitat were present.  

g Consistent with the PFD (Windward and AECOM 2009), omnivorous birds were not identified in the CSM as a feeding guild to be quantitatively evaluated. A representative 
species was not selected because the evaluation of other avian feeding guilds (i.e., sediment-probing and piscivorous birds) will be protective of omnivorous birds.  

h Additional biological information collected during the bird community surveys will also be used in the risk assessment to assist in the interpretation of the results in terms of avian 
population health.  

BERA – baseline ecological risk assessment 
COPEC – chemical of potential ecological concern 
CPG – Cooperating Parties Group 
CTR – critical tissue residue 

DQO – data quality objective  
FWM – food web model  
LPRSA – Lower Passaic River Study Area  
LRC – low-resolution coring 

PFD – problem formulation document  
SQT – sediment quality triad 
SUF – site use factor  
USEPA – US Environmental Protection Agency 



 

 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
25 

 

2.1.4 Ecological CSM 
An ecological CSM is used to describe, to the degrees that they are known, the 
pathways by which contaminants move from sources, including those resulting from 
human activities, to ecological receptors at a site. The CSM for the LPRSA is based on 
site-specific information about the species that are typically present at the site or in 
similar urbanized river systems and the potential exposure pathways that may be 
present. Current data will be used to develop and refine the physical CSM of the entire 
LPRSA, which is currently being prepared by CPG.   

Numerous types of potential ecological receptors (e.g., invertebrates, fish, birds, and 
mammals) live in, or otherwise use, the habitat in the LPRSA for at least some portion 
of their life spans. The urban nature of the LPRSA has been described in several 
reports and biological and habitat surveys (Germano & Associates 2005; Iannuzzi and 
Ludwig 2004; Ludwig et al. 2010; Windward 2010c; Baron 2011) and will be further 
characterized using the results of the recently completed habitat identification survey 
(Lower Passaic River Restoration Project, Lower Passaic River RI/FS, Habitat Identification 
Survey Data Report for the Lower Passaic River Study Area Fall 2010 Field Effort 
(Windward [in prep]-c)) and avian community surveys (Lower Passaic River Restoration 
Project, Lower Passaic River RI/FS, Avian Community Survey Data Report for the Lower 
Passaic River Study Area Summer and Fall 2010 Field Efforts (Windward 2011a) and Lower 
Passaic River Restoration Project, Lower Passaic River RI/FS, Avian Community Survey Data 
Report for the Lower Passaic River Study Area Winter and Spring 2011 Field Efforts 
(Windward [in prep]-a)).  

During the 1999–2000 surveys (Iannuzzi and Ludwig 2004), 22 fish species were 
collected and 49 bird species were observed. Mummichog was the most commonly 
collected fish species during the 1999–2000 surveys; other common fish species 
collected included inland silverside, white perch, Atlantic menhaden, striped bass, and 
gizzard shad. During the late summer/early fall 2009 sampling effort, American eel, 
white perch, and common carp were the dominant fish species caught. Relatively few 
mummichog, darter, or killifish species were caught during the late summer/early fall 
2009 field event, but these species were caught in abundance during the 2010 field 
efforts that occurred between late May and early August, efforts that focused 
specifically on the collection of small forage fish (Lower Passaic River Restoration Project, 
Lower Passaic River RI/FS, Fish Community Survey and Tissue Collection Data Report for the 
Lower Passaic River Study Area 2010 Field Efforts (Windward 2011c)). Elements of the 
LPRSA habitat characteristics will be presented and discussed in the BERA. The lower 
reaches of the LPRSA are mostly developed and represent an industrialized shoreline 
with concrete, metal, or wood bulkhead, devoid of aquatic vegetation. Man-made 
structures in the river, including those associated with bridges (e.g., pilings, walls, 
bulkheads, and riprap), may serve as aquatic habitat. Although the upper reaches of 
the LPRSA offer more consistent access to natural habitat for refuge and foraging for 
many species, preferred habitat available close to the high tide line is often exposed or 



 

 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
26 

 

limited during an ebbing tide. Mudflats and other surfaces may be preferred habitat 
for some species (e.g., shorebirds) at low tide. 

The benthic invertebrate community of the LPRSA is made up primarily of 
pollution-tolerant species that belong to oligochaete and polychaete classes (Germano 
& Associates 2005; Iannuzzi et al. 2008). Polychaetes and oligochaetes were the two 
most dominant classes found in the recent seasonal surveys conducted in fall 2009 
(Lower Passaic River Restoration Project, Lower Passaic River RI/FS, Fall 2009 Benthic 
Invertebrate Community Survey and Benthic Field Data Collection for the Lower Passaic River 
Study Area (Windward [in prep]-b)) and spring and summer 2010 (Lower Passaic River 
Restoration Project, Lower Passaic River RI/FS, Spring and Summer 2010 Benthic 
Invertebrate Community Survey Data for the Lower Passaic River Study Area (Windward 
[in prep]-d)), but polychaetes were most dominant in the estuarine zone where the 
water salinity was higher, and oligochaetes were most dominant throughout the 
freshwater zone. The distribution of estuarine versus freshwater taxa tracked the 
seasonal trends in interstitial salinity. The distribution of freshwater oligochaetes 
extended downriver seasonally with the input of freshwater from storm events, 
generally beginning in the fall and lasting through the spring; the oligochaete 
distribution remained upriver during the summer, when there was less rainfall 
(i.e., less freshwater input). 

Gulls, ducks, and swallows were the dominant types of birds present during the 
1999-2000 surveys along the lower portion of the LPRSA (Ludwig et al. 2010), whereas 
gulls, ducks, and geese were the most dominant types present during the summer and 
fall 2010 surveys (Lower Passaic River Restoration Project, Lower Passaic River RI/FS, 
Avian Community Survey Data Report for the Lower Passaic River Study Area Summer and 
Fall 2010 Field Efforts (Windward 2011a)). Both sets of surveys found that shorebirds 
were most often observed on mudflats or shorelines, whereas ducks and geese were 
most commonly observed on the water. Gulls and terns were frequently observed on 
the water or manmade structures, while wading birds preferred the shoreline. 
(Ludwig et al. 2010). Sediment-probing shorebirds use mudflat habitats along the 
LPRSA, and piscivorous birds (e.g., heron/egret and belted kingfisher) have also been 
observed seasonally along the LPRSA and its tributaries, primarily on manmade 
structures (Lower Passaic River Restoration Project, Lower Passaic River RI/FS, Avian 
Community Survey Data Report for the Lower Passaic River Study Area Summer and Fall 
2010 Field Efforts (Windward 2011a) and Lower Passaic River Restoration Project, Lower 
Passaic River RI/FS, Avian Community Survey Data Report for the Lower Passaic River 
Study Area Winter and Spring 2011 Field Efforts (Windward [in prep]-a)), although there 
is little to no evidence of these bird species using the LPRSA during breeding (Ludwig 
et al. 2010; Baron 2011).  
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The preliminary ecological CSMs, including the preliminary general ecological CSM, 
were presented in the PFD (Windward and AECOM 2009). The CSM for the entire 
LPRSA is being revised to include updated data and will be reflected in the BERA. The 
preliminary general ecological CSM is presented as Figure 2-2. Because salinity can act 
as a barrier to species movement, thereby limiting some species to specific salinity 
ranges, the preliminary general ecological CSM was divided into two specialized 
ecological CSMs, one for estuarine and one for freshwater receptor groups. 
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Figure 2-2. General ecological CSM for the LPRSA 



 

 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
29 

 

Despite the distinction between estuarine and freshwater receptor groups, during the 
late summer/early fall 2009 and spring and summer 2010 fish sampling efforts, a 
number of the estuarine focal species (i.e., blue crab, white perch, and American eel) 
were found in all reaches of the freshwater portion of the LPRSA (RM 10 to RM 17.4), 
demonstrating that these fish and decapods may have some tolerance for fresh water 
(Windward 2010c, 2011c). American eel are catadromous, spending most of their lives 
in freshwater environments and spawning at sea. In addition, catfish and bullhead 
were found in much of the estuarine portion, as well as the freshwater portion, 
indicating that these fish may have some tolerance for salinity, and/or that the 
designated freshwater zone (RM 10 to RM 17.4) extends below RM 10, at least 
seasonally. Thus, based on these observations and the ecology of these species, the 
selected ecological focal species to be evaluated in the BERA identified in the estuarine 
and freshwater CSMs have been revised accordingly (Figures 2-3 and 2-4, 
respectively). Based on these revised CSMs, focal species will be evaluated according 
to the area(s) in which they were found (in some cases, the entire LPRSA). As 
additional data are obtained from the LPRSA, the ecological CSM will be updated, as 
appropriate, in the BERA. 
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Figure 2-3. Revised ecological CSM for LPRSA estuarine receptor groups and focal species  
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Figure 2-4. Revised ecological CSM for LPRSA freshwater receptor groups and focal species 
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The identification of potential sources of chemicals affecting various LPRSA media 
and mechanisms for chemical transport will be defined as part of the physical CSM 
development task. Other information from various studies, including the LRC data 
and PWCM data, will be used to update the ecological CSM in the evaluation of both 
current and future risks. Understanding the physical CSM of the LRPSA is also part of 
evaluating risk remediation options and planning restoration. 

2.2 SUMMARY OF DATA TO BE EVALUATED IN THE BERA 
Several types of data have been collected by CPG since the beginning of the CPG-led 
LPRSA RI (initiated in 2007), including sediment data, water column data, fish and 
invertebrate tissue data, and biological and habitat characterization data. The various 
sampling objectives were described in USEPA-approved QAPPs, as presented in 
Section 1. A discussion of temporal variability, which resulted from data being 
collected at different times of the year, and its effect on the comparability of those 
data, will be included in the BERA. Additional sediment and water data are being 
collected from the LPRSA. In addition, existing estuarine data are being compiled, and 
freshwater data from upstream of the LPRSA have been collected in order to establish 
background/reference information for the LPRSA. This additional and 
background/reference information will also be discussed in the risk assessments.  

The QAPPs specified DQOs to ensure that the data collected would be of sufficient 
quality to support the RI, including the risk assessments. The relevant data 
(e.g., sediment chemistry, sediment toxicity, benthic community, benthic invertebrate 
tissue, fish/decapod tissue chemistry, and fish community) that have been collected in 
accordance with these QAPPs, QAPP addenda, and any future QAPP addenda, will be 
used to calculate exposure estimates in the BERA. Relevant data from 2011 and 2012 
sampling efforts (e.g., water column chemistry data), as described in QAPPs and/or 
QAPP addenda, will also be used to calculate exposure estimates for the BERA, as will 
any additional current data collected by parties other than CPG that meet the DQOs 
presented in the Revised Data Usability Plan (Windward and AECOM [in prep]).6 The 
chemical, biological, and physical data types that will be used in the BERA are 
presented in the PFD (Windward and AECOM 2009).  

Details on how the risk assessment dataset will be established, including the 
evaluation of data usability, data analysis, and data summations for the risk 
assessments, are presented in the Revised Data Usability Plan (Windward and 
AECOM [in prep]). 

 
6 During the December 14, 2010, meeting between USEPA and CPG representatives, it was agreed that 

exposure point concentrations (EPCs) in the risk assessments will be calculated using current data 
only; a discussion of older data, including an evaluation of concentration trends, will be included in 
the risk assessments and RI report. 
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2.3 EXPOSURE ASSESSMENT METHODS AND ASSUMPTIONS 
Exposure is the result of contact between a stressor and an ecological receptor via an 
exposure pathway. For the purpose of screening for COPECs (Appendix A), exposure 
will be identified using the maximum detected concentrations for all environmental 
media so that potential ecological impacts are not overlooked.7 For the BERA, 
exposure estimates generally will be represented by both a central tendency (i.e., 
mean) and an upper confidence limit on the mean (UCL) (e.g., 95% UCL8) 
concentration to provide a range of exposure point concentrations and ecological risk 
estimates. USEPA’s ProUCL software (USEPA 2011b) can both test the goodness of fit 
for a given dataset and generate statistics that can be used to parameterize central 
tendency and UCLs of the dataset. Non-detects will be handled statistically through 
ProUCL. 

The following subsections describe how exposure estimates will be represented in the 
BERA for the various receptor groups and measurement endpoints (Section 2.3.1) and 
present the specific assumptions and parameters that will be used in the derivation of 
dietary exposure estimates (Section 2.3.2). Exposure assumptions are based on site- or 
region-specific information, when data are available. When site- or region-specific data 
are unavailable, literature-based parameters are used.  

2.3.1 Estimates of exposure 
This section presents the methods that will be used in the BERA to derive exposure 
estimates in the evaluation of ecological risks using site-specific data. Section 2.3.1.1 
presents the general rules for calculating exposure estimates, and the remaining 
subsections (Sections 2.3.1.2 through 2.3.1.7) present the methods for deriving 
exposure estimates for each ecological receptor group or focal species. 

2.3.1.1 General rules for identifying exposure point concentrations and doses 
For all measurement endpoints, with the exception of the benthic invertebrate 
sediment quality triad (SQT) evaluation, exposure point concentrations (EPCs) or 
doses will be calculated in the BERA for all COPEC-receptor pairs. Exposure estimates 
for each COPEC-receptor pair will be based on an estimate of each COPEC 
concentration in each of the various media (i.e., surface sediment, surface water, 
and/or tissue). EPCs for various media used in the calculation of doses will be 
represented by summary statistics, which include a measure of central tendency (i.e., 
mean concentration) and a conservative upper-bound estimate (e.g., 95% UCL 
concentration). EPCs will be derived using empirical data as described by the Revised 
Data Usability Plan (Windward and AECOM [in prep]). UCL concentrations will be 
derived following USEPA guidance for calculating UCLs for EPCs at hazardous waste 

 
7 See Appendix A for the treatment of non-detected concentrations in the COPEC screening process. 
8 There are cases in which USEPA’s ProUCL software recommends a 97.5 or 99% UCL, rather than the 

95% UCL (e.g., when data are highly skewed). 
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sites (2002a). UCL concentrations will be calculated using either USEPA’s most current 
version of the ProUCL statistical package (e.g., ProUCL Version 4.1.01) (USEPA 2011b) 
or alternative methods, such as bootstrapping or methods for deriving classical 
stratified estimates based on Cochran (1977). The application of alternative methods 
for deriving UCLs is important in cases where the dataset was developed using a 
stratified design, inasmuch as an underlying assumption of ProUCL is that the data 
have been collected from the same population (USEPA 2010a, b). As ProUCL 4.1.01 has 
an option for handling non-detect data to estimate a UCL, all reported data (detected 
and non-detect) could be used. In cases where statistically derived UCLs are greater 
than the maximum detected concentration, the use of the maximum detected 
concentration in place of the UCL concentration to represent the upper-bound value 
will be discussed with USEPA. In addition, datasets with fewer than 10 results will be 
evaluated, and suggested statistical techniques for determining the most appropriate 
statistic will be discussed with USEPA. It should be noted that “decisions based upon 
statistics obtained using data sets of small sizes (e.g., 4 to 6 detected observations) 
cannot be considered reliable enough to make a remediation decision that affects 
human health and the environment” (USEPA 2010b). The ProUCL user guide also 
states that “at the minimum, a background sample should have at least 8 to 10 (more 
observations are preferable) detected observations to estimate background threshold 
values or to use hypotheses testing approaches”(USEPA 2010b). 

Spatial and temporal considerations will be receptor group or focal species-specific, as 
appropriate, to determine EPCs and doses. EPCs for each receptor group (or focal 
species) will be based on data from receptor-specific exposure areas. Exposure areas 
represent the areas that will be used to spatially determine which data will be 
evaluated. For some selected focal species (e.g., great blue heron), exposure areas 
include designated areas within estuarine and freshwater habitats; for others (e.g., 
amphibians), exposure areas are limited to freshwater habitat. Exposure 
concentrations (ECs) or doses may also be evaluated on smaller scales within the 
LPRSA in cases where home or foraging ranges are smaller than the LPRSA (e.g., 
mummichog) or where species are relatively immobile (e.g., benthic invertebrate 
species). Periodic use of the LPRSA by some receptors will be represented using site 
use factors (SUFs). Migratory receptors or receptors present only seasonally in the 
LPRSA may have SUFs of less than 1.0; however, a range of SUFs will be presented in 
the BERA. For the evaluation of exposure to surface water, temporal considerations of 
seasonal relevance will be used to estimate ECs.  

The following subsections present the general methods for deriving EPCs and doses 
for each of the receptor groups and relevant exposure media, and identify the site-
specific data that will be used to estimate EPCs and doses. The data that will be used 
to derive EPCs are summarized in Table 2-2. 
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2.3.1.2 Zooplankton  
The exposure of zooplankton will be evaluated through a comparison of surface water 
EPCs with water toxicity-based values. EPCs will be based on both a measure of 
central tendency (i.e., mean concentration) and a conservative upper-bound mean 
estimate (e.g., 95% UCL concentration) (Section 2.3.1.1) using surface water data 
collected from throughout the LPRSA. A spatial and temporal evaluation of surface 
water concentrations throughout the LPRSA (based on the available data) will be 
presented in the BERA to determine the range of surface water ECs for zooplankton 
over smaller areas of the LPRSA and over seasonal flow events. The ecological 
relevance of the variability in ECs to the LPRSA zooplankton community will be 
discussed.  

2.3.1.3 Benthic invertebrates 
In accordance with the PFD (Windward and AECOM 2009), multiple measurement 
endpoints will be used to assess risks to benthic invertebrates (Table 2-2):  

 Benthic community structure  

 Direct measures of sediment toxicity (results of sediment toxicity testing) 

 Sediment chemistry  

 Tissue residues (of both field-collected and laboratory-exposed organisms)  

 Surface water chemistry 

An SQT approach will be used to evaluate co-located benthic community structure, 
sediment toxicity, and sediment chemistry data from throughout the LPRSA 
(Windward 2009b). Tissue-residue and surface water chemistry will be evaluated as 
separate measurement endpoints. These multiple lines of evidence for the benthic 
approach will be evaluated using a weight-of-evidence (WOE) approach. No single 
line of evidence will be used to determine benthic invertebrate community risk 
conclusions. Rather, all lines will first be evaluated independently, and then a WOE 
evaluation will be used to determine benthic invertebrate community risk conclusions. 
The WOE approach will integrate these lines of evidence following the general 
framework presented in Volume III of USEPA’s guidelines for assessing freshwater 
sediment (USEPA 2002c). Concordance among the endpoints will be interpreted as 
being more certain than mixed results and will be interpreted based on the strength of 
the relationship between measured effect and response. The resulting areas will be 
mapped to indicate exposure areas and areas of potential risk, ranging from low to 
high. The following subsections define the data that will be used to predict potential 
risk to benthic macroinvertebrates. At locations where only sediment chemistry data 
are available, additional spatial analyses and relationships between chemistry and 
habitat quality will also be evaluated if the data density is sufficient to support these 
analyses.  
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Sediment Quality Triad Approach 

For the SQT approach, co-located sediment toxicity, sediment chemistry, and benthic 
community data collected from the LPRSA during the fall 2009 benthic sediment 
collection effort will be used. Benthic community data collected during subsequent 
seasons will be incorporated as they become available to provide an estimate of 
natural seasonal variability within the community. Exposures of benthic invertebrates 
will be estimated using bulk sediment chemistry at individual sampling locations 
co-located with sediment samples for toxicity tests and with benthic community 
samples. The evaluation of benthic invertebrate exposure using surface water and 
tissue chemistry (below) will provide additional lines of evidence in the BERA. 
Because the SQT approach integrates exposure and effects data as part of the risk 
characterization process, the methods for the SQT approach are described in detail in 
the risk characterization section (Section 2.5.1.2). 

Tissue-Residue Exposure 

Benthic invertebrate tissue-residue EPCs (for organic chemicals) will be determined 
using whole-body tissue concentrations as follows:  

 Laboratory-exposed infaunal invertebrate tissue9  

 Estuarine species: polychaete worm (Nereis virens) (number of samples = 5) 

 Freshwater species: oligochaete worm (Lumbriculus variegatus) (number of 
samples = 15) 

 Field-collected whole-body blue crab tissue (number of tissue samples = 41) 

Tissue residues for benthic invertebrates will be evaluated for organic chemicals, 
polycyclic aromatic hydrocarbons (PAHs), and two metals (i.e., mercury and 
selenium, which are metals that accumulate in tissue). Tissue body burdens of most 
metals are biologically regulated, and it is difficult to develop broadly applicable 
tissue-residue effects thresholds for aquatic organisms for metals (except mercury and 
selenium), because of the wide range of strategies used by these organisms to store, 
detoxify, and excrete bioaccumulated metals. Furthermore, metals uptake rates, which 
strongly influence whether bioavailable metals levels in tissue may be toxic, are 
influenced by site-specific factors (Adams et al. 2011). In addition, the evaluation of 
PAHs using the critical tissue residue (CTR) approach for invertebrates is uncertain 
because rates of PAH metabolism vary widely within and between phyla of aquatic 
invertebrates (Meador et al. 1995).  

 
9 When the relationship between sediment chemistry and toxicity are evaluated, the chemical 

concentrations in test sediment to which the bioassay organisms are exposed will be evaluated both 
with and without a steady-state adjustment to account for the duration of the test.  
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Tissue EPCs will be based on both a measure of central tendency (i.e., mean 
concentration) and a conservative upper-bound mean estimate (e.g., 95% UCL 
concentration) (Section 2.3.1.1) and calculated on a COPEC-species-specific basis. A 
spatial evaluation of tissue concentrations throughout the LPRSA for each benthic 
invertebrate focal species will be presented in the BERA to determine the range and 
variability of tissue concentrations over smaller areas of the LPRSA. The ecological 
relevance of the variability in ECs, with respect to the home ranges of infaunal benthic 
invertebrates and blue crab, also will be discussed. 

Tissue samples consisting of muscle composited with hepatopancreas and remaining 
tissues (carcass) were analyzed separately10 for crab collected between RM 0 and RM 
10 (the estuarine zone as defined in the Fish/Decapod QAPP (Windward 2009a)); 
muscle-only and hepatopancreas-only tissues were analyzed separately for crab 
collected from above RM 10. The analytical results for the individual blue crab tissue 
samples collected in late summer/early fall 2009 will be mathematically combined to 
represent whole-body concentrations for the BERA. The compositing plan for the 
analysis of blue crab collected during the late summer/early fall 2009 sampling effort 
was presented in a memorandum (Windward 2010g) approved by USEPA on 
February 11, 2010 (Vaughn 2010).  

Only two tissue types (muscle-only and hepatopancreas-only tissue) will be analyzed 
for crab collected from RM 10 to RM 17.4 (the freshwater collection zone as defined in 
the Fish/Decapod QAPP (Windward 2009a) in order to support the baseline HHRA. 
These tissue types were the only ones targeted above RM 10 because a limited number 
of crab was expected in this section of the LPRSA. However, blue crab collected above 
RM 10 are considered to be a part of the LPRSA crab population and should be 
accounted for in the assessment of crab tissue in the BERA. Therefore, whole-body 
freshwater tissue chemical concentrations will be estimated from the individual tissue 
types collected in the freshwater zone using the estuarine ratio of individual tissue 
type concentrations (i.e., muscle and hepatopancreas) to reconstituted whole-body 
tissue concentrations.  

Surface Water Exposure 

The direct exposure of benthic invertebrates to surface water will be evaluated 
through a comparison of ECs in surface water with water toxicity-based values. EPCs 
will be based on both a measure of central tendency (i.e., mean concentration) and a 
conservative upper-bound mean estimate (e.g., 95% UCL concentration) 
(Section 2.3.1.1) using surface water (e.g., near-bottom) data from throughout the 
LPRSA. A spatial and temporal evaluation of surface water concentrations throughout 
the LPRSA (based on the available data) will be presented in the BERA to determine 

 
10 Muscle-only and hepatopancreas-only tissues were also collected in the estuarine portion (from RM 0 

to RM 10); these data will not be evaluated in the BERA, but will be evaluated in the HHRA.  
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the range of surface water ECs over smaller areas of the LPRSA and over seasonal 
flow events. The ecological relevance of the variability in ECs will also be discussed.  

2.3.1.4 Fish 
Quantitative exposure estimates for selected fish focal species will be determined 
using multiple measures of assessment: tissue residue, dietary dose, and surface 
water. An evaluation of LPRSA fish based on the results of the 2009–2010 fish 
community surveys, 2009-2010 fish health assessments, and mummichog egg 
mass/egg counts will also be presented in the BERA. Mummichog and other small 
forage fish will also be used to evaluate the potential relationship between COPEC 
concentrations in surface sediment (using the mummichog burrowing depth of 0 to 15 
cm) and the tissue of benthic fish. 

Tissue-Residue Exposure 

Tissue-residue EPCs will be represented by whole-body tissue EPCs based on tissue 
data for the following field-collected fish: 

 Mummichog and banded killifish/darter species  

 White perch  

 Channel catfish (white catfish will also be used to represent this feeding guild) 

 American eel  

 Largemouth bass (smallmouth bass and pike will also be used to represent this 
feeding guild) 

 White sucker11 

 Carp12 

Tissue residues for fish will be evaluated for organic compounds and two metals—
mercury and selenium, which are metals that bioaccumulate in tissue. Tissue body 
burdens of most metals are biologically regulated, and it is difficult to develop broadly 
applicable tissue-residue effects thresholds for aquatic organisms for metals (except 
mercury and selenium), because of the wide range of strategies used by these 
organisms to store, detoxify, and excrete bioaccumulated metals. Furthermore, metals 
uptake rates, which strongly influence whether bioavailable metals levels in tissue 
may be toxic, are influenced by site-specific factors (Adams et al. 2011). PAHs are 
rapidly metabolized and excreted by fish following uptake, and tissue body burdens 
of metals are regulated; therefore PAHs will not be evaluated in fish tissue. Fish 
exposure to metals and PAHs will be evaluated as part of the dietary and surface 

 
11 White sucker were not identified as an ecological receptor in the PFD, and therefore, will be discussed 

in the uncertainty section of the BERA. 
12 Carp were not identified as an ecological receptor in the PFD since they are an invasive species. Carp 

tissue concentrations will be discussed as part of the uncertainty in the BERA. 
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water assessments. In addition, metals and PAHs in fish tissue will be qualitatively 
discussed. 

EPCs will be based on summary statistics, will include both a measure of central 
tendency (i.e., mean concentration) and a conservative upper-bound mean estimate 
(e.g., 95% UCL concentration) (Section 2.3.1.1), and will be calculated on a 
COPEC-species-specific basis. A spatial evaluation of tissue concentrations throughout 
the LPRSA will be presented for each selected fish focal species in the BERA to 
determine the range and variability of tissue concentrations over smaller areas of the 
LPRSA. The ecological relevance of the variability in ECs, with respect to the home 
ranges or foraging areas of resident and migratory fish focal species, also will be 
discussed. 

Egg-residue EPCs for bioaccumulative COPECs will also be estimated for mummichog 
using lipid analysis of egg tissue collected in May 2010. These EPCs will include, but 
will not be limited to, PCBs, DDTs, mercury, and PCDDs/PCDFs. Factors for 
extrapolating egg chemical concentrations from adult chemical concentrations are also 
available from the literature for some chemicals. Chemical concentrations in egg 
tissues will be estimated using the chemical-specific adult-to-egg ratio of chemical 
concentrations reported in the scientific literature and the following equation: 

CF
CC adult

egg =  Equation 2-1 

Where: 

Cegg = estimated chemical concentration in egg tissue 
Cadult = chemical concentration in adult whole-body tissue  
CF = adult-to-egg conversion factor (chemical concentration ratio) 

The scientific literature will be searched for studies reporting chemical-specific egg 
and maternal whole-body adult tissue residues for each COPEC. The studies best 
representing mummichog and darter/killifish for each COPEC will be used to derive 
the adult-to-egg conversion factor. If lipid data are determined to significantly affect 
the adult-to-egg tissue-residue relationship for a given COPEC, lipid data will be 
incorporated, as appropriate, for the specific adult-to-egg COPEC relationship 
(e.g., through a regression relationship or lipid-normalized COPEC concentrations).  

PCB concentrations in fish tissue (both whole-body EPCs and egg EPCs) will be 
evaluated in two ways: as exposure of fish to total PCBs and as exposure of fish to 
dioxin-like PCB congeners.  
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Dietary-Dose Exposure 

The dietary-dose exposure of fish will be estimated based on the ingestion of biota 
(i.e., prey) and incidental ingestion of sediment.13 Dietary exposure for fish will be 
estimated as milligrams of each COPEC ingested per kilogram of body weight per day 
(mg/kg bw/day) using the following equation: 

 
( ) ( )[ ]

SUF
BW

CSIRCFIR
Dose sedprey ×

×+×
=  Equation 2-2 

Where: 

Dose = daily ingested dose (mg/kg bw/day) 
FIR = food ingestion rate (kg wet weight ([ww]/day) 
Cprey = chemical concentration in prey tissue (mg/kg ww) 
SIR = incidental sediment ingestion rate (kg dry weight [dw]/day)14  
Csed = chemical concentration in sediment (mg/kg dw) 
BW = body weight (kg) 
SUF = site use factor (unitless); fraction of time selected focal species spends 

foraging in the LPRSA relative to the entire home range 

The assumptions that will be used to estimate the dietary dose vary across fish focal 
species. Dietary exposure assumptions (i.e., body weight, ingestion rates, SUF, and 
dietary composition) for each selected fish focal species will be presented in the BERA, 
after review of the literature, completion of site-specific surveys, and development of 
life history profiles for the focal species. For those focal species whose dose will be 
estimated using more than one prey species, the chemical concentrations in prey will 
be estimated using the following equation:  

∑
=

=
n

1i
iiprey FCC  Equation 2-3 

Where: 

Cprey = chemical concentration in prey tissue (mg/kg ww) 
Ci = chemical concentration in particular prey species (mg/kg ww) 
Fi = fraction of particular prey species in the diet 
n = number of prey items 

 
13 Because surface water ingestion rates are not available for fish (see Section 2.3.2.2), surface water will 

not be incorporated into the dietary exposure for fish. 
14 The incidental sediment ingestion rate was estimated as the portion of dry diet that is sediment 

multiplied by the FIR.  
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Chemical concentrations that will be used to estimate dietary doses in various media 
will be represented as follows: 

 Tissue concentration (Cprey) will be represented by the whole-body tissue EPCs 
of each focal species-specific prey species.  

 Sediment concentration (Csed) used in the fish dietary pathway will be 
represented by the surface (0 to 6 in. [0 to 15 cm]) sediment EPCs based on 
LPRSA data from within focal species-specific exposure areas.  

A spatial evaluation of tissue and sediment concentrations throughout the LPRSA will 
be presented for each selected fish focal species in the BERA to determine the range 
and variability of tissue concentrations over smaller areas of the LPRSA. The 
ecological relevance of the variability in ECs, with respect to the home ranges or 
foraging areas of resident and migratory fish focal species, will also be discussed. 

Surface Water Exposure 

The direct exposure of fish to surface water will be evaluated by comparing EPCs in 
surface water (based on samples collected from throughout the LPRSA) to water 
toxicity-based values. EPCs will be based on both a measure of central tendency (i.e., 
mean concentration) and a conservative upper-bound mean estimate (e.g., 95% UCL 
concentration) (Section 2.3.1.1) using surface water data from throughout the LPRSA. 
A spatial evaluation of surface water concentrations throughout the LPRSA (based on 
the available data) will be presented in the BERA to determine the range of surface 
water ECs over smaller areas of the LPRSA. The ecological relevance of the variability 
in ECs will also be discussed.  

Fish Community Structure Analysis 

The results of the fish community surveys (i.e., the late summer/early fall 2009 survey 
and additional surveys in 2010) will be summarized in the BERA to provide general 
information about LPRSA fish population health and general habitat preferences, and 
to verify that the selected fish focal species are representative of fish that use the 
LPRSA. Calculated fish community indices (e.g., species abundance and richness, 
percent dominant taxa, and Simpson’s diversity index) from the three seasonal 
surveys will also provide qualitative information about the structure and general state 
of the LPRSA fish community. 

Qualitative Assessment of Fish Population Health 

Fish heath assessment data were collected as part of the late summer/early fall 2009, 
winter 2010, and late spring/early summer 2010 sampling efforts, and data on egg 
counts (or mass) from gravid mummichog were collected in May 2010. These data will 
be summarized in the BERA and used to qualitatively evaluate the general health, 
fecundity, and general habitat preferences of mummichog in the LPRSA. 
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2.3.1.5 Birds and mammals 
Quantitative exposure estimates for selected bird and mammal focal species will be 
determined through a dietary-dose assessment. The impact of dietary exposure on 
piscivorous bird focal species (i.e., heron/egret and belted kingfisher) will also be 
evaluated using estimated bird egg tissue-residue concentrations. A qualitative 
evaluation of birds in the LPRSA based on the results of the avian community survey 
will also be presented in the BERA.  

Dietary-Dose Exposure 

The dietary-dose exposure of bird and mammals will be estimated based on the 
ingestion of biota (prey), incidental ingestion of sediment, and incidental ingestion of 
water using the following equation: 

( ) ( ) ( )[ ]
SUF

BW
CWIRCSIRCFIR

Dose watersedprey ×
×+×+×

=  Equation 2-4 

Where: 

Dose = daily ingested dose (mg/kg bw/day) 
FIR = food ingestion rate (kg ww/day) 
Cprey = chemical concentration in prey tissue (mg/kg ww) 
SIR = incidental sediment ingestion rate (kg dw/day)15  
Csed = chemical concentration in sediment (mg/kg dw) 
WIR = water ingestion rate (L/day) 
Cwater = chemical concentration in water (mg/L) 
BW = body weight (kg) 
SUF = site use factor (unitless); fraction of time selected focal species spends 

foraging in the LPRSA relative to the entire estimated home range 

Assumptions that will be used to estimate the dietary dose for birds and mammals 
vary across specific focal species. Dietary exposure assumptions (i.e., body weight, 
ingestion rates, SUF, and dietary composition) for each selected bird or mammal focal 
species will be presented in the BERA, after review of the literature, completion of site-
specific surveys, and development of life history profiles for the focal species. For 
those focal species whose dose will be estimated using more than one prey species, the 
prey concentration will be estimated using Equation 2-3. 

Chemical concentrations that will be used to estimate the dietary dose in various 
media will be represented as follows: 

 Tissue concentration (Cprey) will be represented by the whole-body tissue EPC 
of each focal species-specific prey species.  

 
15 The incidental sediment ingestion rate was estimated as the portion of dry diet that is sediment 

multiplied by the food ingestion rate.  
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 Sediment concentration (Csed) for all bird and mammal focal species will be 
represented by the surface (0 to 6 in. [0 to 15 cm]) sediment EPCs based only on 
sediment collected from relevant exposure areas. 

 Water concentration (Cwater) will be represented by surface water EPCs based 
on data from within focal species-specific exposure areas, provided that 
sufficient data are available.  

A spatial evaluation of tissue, sediment, and water concentrations throughout the 
LPRSA will be presented for each selected bird and mammal focal species in the BERA 
to determine the range and variability of tissue concentrations over smaller areas of 
the LPRSA. The ecological relevance of the variability in ECs, with respect to the home 
ranges or foraging areas of resident and migratory bird or mammal focal species, will 
also be discussed. 

Dietary exposure to PCBs will be evaluated in two ways: as exposure of bird and 
mammals to total PCBs, and as exposure of bird and mammals to PCDDs/PCDFs and 
dioxin-like PCB congeners.  

Bird Egg Tissue Residues 

Dietary exposure of selected piscivorous bird focal species (i.e., heron/egret and 
belted kingfisher) will also be evaluated based on hypothetical modeling of egg tissue 
concentrations using biota (prey).16 Because of the high level of uncertainty associated 
with modeling egg tissues, the bird egg tissue measurement endpoint will be given 
less weight than the dietary approach in determining risk conclusions for piscivorous 
birds in the LRPSA. 

Bird egg tissue residues will be estimated for, but not limited to, the following list of 
chemicals: PCBs, total DDTs, mercury, and PCDDs/PCDFs. A limited set of chemical-
specific biomagnification factors (BMFs) is available from the literature for these 
chemicals. Concentrations in bird eggs will be estimated using the following equation: 

 
BMFCC preyegg ×=  Equation 2-5 

Where: 

Cegg = chemical concentration in bird egg tissue(s) (mg/kg ww) 
Cprey = chemical concentration in prey tissue (mg/kg ww) 
BMF = biomagnification factor  

Literature searches will be conducted to obtain information to allow full 
characterization of the uncertainty in estimates of egg tissue concentrations. The prey 

 
16 Bird egg concentrations will only be estimated using prey tissue concentrations and will not be 

estimated from sediment concentrations.  
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tissue concentration (Cprey) will be estimated using Equation 2-3 and will be 
represented by the whole-body tissue EPCs of each focal species-specific prey species.  

BMFs are estimated as the average ratio of bird prey tissue and bird egg tissue 
concentrations. There is a very high level of uncertainty regarding the use of BMFs to 
predict bird egg tissue concentrations as a result of multiple factors, including the 
assumptions used in the derivation of BMFs (e.g., the spatial area over which the 
average BMF is calculated), the limited validation of such empirical models by actual 
datasets for different species and locations, and the broad assumptions made 
regarding a linear relationship between populations of prey in the environment and 
egg concentrations for birds that feed on some portion of those prey. In addition, there 
are no species- and food source-specific BMFs for birds in the LPRSA. The 
uncertainties associated with the predictability of the selected BMFs and the 
implications of these uncertainties for risk estimates will be discussed in the BERA. 
This discussion will include an evaluation of the relationship between the bird prey 
and bird egg tissue concentrations as a regression (rather than a ratio), if possible, 
from the literature studies reporting BMFs. Because of the high uncertainty associated 
with the modeling of bird egg concentrations and the limited use of the LPRSA by 
breeding piscivorous birds, the bird egg tissue measurement endpoint will be given 
less weight than the dietary approach in determining risk conclusions for piscivorous 
birds in the LRPSA. 

Qualitative Community Data 

Avian community surveys were conducted in summer and fall 2010 and winter and 
spring of 2011. The results of these seasonal surveys will be summarized in the BERA 
to provide general information about the LPRSA bird community, general habitat 
preferences, and verify that the selected bird focal species are representative of the 
birds that use the LPRSA. The proposed surveys will be conducted throughout the 
LPRSA and will build on the data collected during the seasonal avian surveys 
conducted in 1999 and 2000 over the lower 6 miles of the LPRSA (Ludwig et al. 2010).  

2.3.1.6 Aquatic plants 
The exposure of aquatic plants to surface water and sediment will be evaluated 
through a comparison of ECs in each of these media with toxicity-based values. EPCs 
will be based on both a measure of central tendency (i.e., mean concentration) and a 
conservative upper-bound mean estimate (e.g., 95% UCL concentration) 
(Section 2.3.1.1) using surface water and sediment data from relevant exposure areas 
in the LPRSA (provided that sufficient water data are available). A spatial and 
temporal evaluation of surface water concentrations throughout the LPRSA (based on 
the available data) will be presented in the BERA to determine the range of surface 
water ECs for aquatic plants over smaller areas of the LPRSA and over seasonal flow 
events. The ecological relevance of the variability in ECs will also be discussed. 
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The evaluation of aquatic plants is dependent on the availability of toxicity data. 
Because of the limited amount of plant-specific toxicity data available, the assessment 
of risks to the aquatic plant community will likely be limited and highly uncertain. 
The BERA will include a summary of information on the LPRSA plant community 
based on recent restoration studies (Shisler et al. 2008; USACE et al. 2008) to provide 
general information about the health of LPRSA aquatic plant community and will 
discuss non-chemical stressor impacts on the aquatic plant community (Section 2.5.3). 

2.3.1.7 Amphibians and reptiles 
The exposure of amphibians and reptiles to surface water will be evaluated through a 
comparison of ECs in each of these media with toxicity-based values. EPCs will be 
based on both a measure of central tendency (i.e., mean concentration) and a 
conservative upper-bound mean estimate (e.g., 95% UCL concentration) 
(Section 2.3.1.1) using surface water and sediment data from relevant exposure areas 
throughout the freshwater portion of the LPRSA (provided that sufficient water data 
are available). Because amphibian and reptile exposure areas are primarily limited to 
shallow freshwater intertidal areas of the LPRSA, the data used in the derivation of 
ECs will be limited to data collected in fresh water. The uncertainty associated with 
this limitation of data will be discussed in the BERA. Sediment data will not be used in 
the evaluation of risks to amphibians and reptiles because insufficient toxicity data are 
available for this receptor group (TRV Deliverable) (Windward [in prep]-e). A spatial 
and temporal evaluation of surface water concentrations throughout the LPRSA 
(based on the available data) will be presented in the BERA to determine the range of 
surface water ECs for amphibians and reptiles over smaller areas of the LPRSA and 
over seasonal flow events. The ecological relevance of the variability in ECs will be 
discussed. 

The evaluation of amphibians and reptiles is dependent on the availability of toxicity 
data. Because of the limited amount of amphibian- and reptile-specific toxicity data 
available, the assessment of risks to these populations will likely be limited and highly 
uncertain. Several turtles, including one soft-shell turtle and five red-eared sliders, 
were observed between RM 8 and RM 17.4 during the late summer/early fall 2009 
fish/decapod sampling effort (Windward 2010c). The BERA will discuss non-chemical 
stressor impacts on LPRSA amphibian and reptile populations (Section 2.5.3).  

2.3.2 Dietary exposure assumptions 
In the dietary-dose assessment of fish, birds, and mammals, exposure parameters will 
be used to derive daily doses (Equations 2-2 and 2-4). Selected exposure parameters 
are based on LPRSA-specific information, when available. When site-specific 
information is not available, regional or default literature-based data will be used to 
derive parameters. Based on its agreement with USEPA in December 2010, CPG has 
prepared receptor-specific life history profiles (Appendix C), from which a range of 
exposure parameters will be selected for use in the BERA. 
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2.3.2.1 Selected dietary exposure parameters 
General methods used to derive exposure parameters will be used as follows:  

 Body weight—For fish, body weights will be based on the average body weight 
of LPRSA fish collected during late summer/early fall 2009 and summer 2010 
by CPG (Windward 2010h). The body weights used in the BERA will be based 
on the actual average body weights of fish from the late summer/early fall 2009 
sampling effort. For birds and mammals, body weights and food ingestion rates 
(FIRs) will be primarily based on the values presented in USEPA’s Wildlife 
Exposure Factors Handbook (1993c) or other primary literature. 

 Food ingestion rate—For fish, FIRs will be based on Arnot and Gobas (2004) 
using actual average body weights of fish from the late summer/early fall 2009 
sampling effort and updated LPRSA water temperature data collected during 
the physical water quality monitoring program, which commenced in 2009. 
Bird and mammal ingestion rates will be based on USEPA’s Wildlife Exposure 
Factors Handbook (1993c), or, if the handbook contains no species-specific data, 
on the allometric equations presented in Nagy (2001). The bird and mammal 
FIRs will be used in the BERA. 

 Incidental sediment ingestion rate—Incidental sediment ingestion rates will be 
derived based on Beyer et al. (1994) or on best professional judgment when no 
data are available, in consideration of the focal species-specific foraging habits 
and behaviors. These calculated sediment ingestion rates will be used in the 
BERA.  

 Water ingestion rate—Bird and mammal water ingestion rates will be 
calculated using the allometric equations presented in Calder and Braun (1983). 
These calculated water ingestion rates will be used in the BERA. 

 Percent moisture in prey—Percent moisture in prey is needed in certain cases 
to convert dry weight FIRs to wet weight. LPRSA-specific moisture rates will be 
used based on the percent moisture in focal species-specific prey.  

 Site use factor—A SUF is the fraction of time that focal species spends foraging 
at the site relative to its entire home range, and proposed SUFs for use in the 
BERA are based on consideration of temporal/seasonal use of the LPRSA as 
documented in previous and ongoing site-specific surveys. Site use factors will 
be based on review of site-specific surveys and literature, which will be 
documented in the life history profiles for each receptor. 

 Exposure area—Focal species-specific exposure areas represent relevant 
foraging areas and will be used to spatially determine which data should be 
used in the dietary evaluation. Proposed exposure areas will be presented in a 
future deliverable (or in the BERA) based on the results of the site-specific 
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surveys, literature reviews, development of the life history profiles for each 
receptor, and site-specific habitat characteristics and chemical characterization. 

Fish and invertebrate species collected from the LPRSA will also be used to model 
chemical concentrations in prey (Equations 2-3) for both the dietary-dose and the bird 
egg assessments. Representative prey species and the fraction of the diet they 
represent will be assigned for each focal species in order to estimate prey 
concentrations in the BERA. Literature-based BMFs will be used to estimate bird egg 
concentrations for piscivorous birds from piscivorous bird prey (Equation 2-5). The 
uncertainties associated with modeling egg tissues are discussed in Section 2.5.2. 

2.3.2.2 Changes to the exposure analysis from the PFD 
There is one change to the fish exposure analysis from the PFD (Windward and 
AECOM 2009): surface water will not be incorporated into the fish dietary-dose 
assessment. This change is discussed below. In accordance with the PFD (Windward 
and AECOM 2009), USEPA required that ingestion of water be included as part of the 
dietary-dose assessment for fish; however, water ingestion rates were not selected for 
fish, inasmuch as water ingestion rates for fish from the literature are largely 
unavailable, and fish toxicity studies that measure both food and water ingestion of 
chemicals are very limited. Water ingestion rates for fish could be derived based on 
the ventilation rate of water (uptake from the gills from respiration) and theoretical 
calculations (Clearwater et al. 2002); however, developing fish water ingestion rates 
would require selecting species-specific ventilation rates for LPRSA fish focal species. 
Ventilation rates are affected by a variety of factors, including species, temperature, 
dissolved oxygen concentrations, age, body weight, activity level, and reproductive 
status; and ventilation rates are available for only a few species (e.g., rainbow trout) 
(Clearwater et al. 2002). Furthermore, there are very few toxicological studies that 
combine both water and dietary exposures. The evaluation of water ingestion in the 
dietary assessment of fish would result in significant uncertainty. Therefore, the 
inclusion of water ingestion for the dietary evaluation of fish is not recommended 
because of the limitations and uncertainties of this approach, and the fact that fish 
exposure to water will be evaluated based on the direct water exposure assessment 
endpoint. However, this exposure pathway may be evaluated if sources of water 
ingestion rates for fish can be ascertained based on additional literature searches and 
applied with reasonable certainty. 

2.4 EFFECTS ASSESSMENT METHODS 
This section identifies the effects thresholds that will be used in the BERA to evaluate 
the potential risks to ecological receptors. Effects thresholds will be compared with 
ECs or estimated doses to evaluate risks to ecological receptors. Table 2-3 presents a 
summary of the types of effects thresholds that will evaluated for each ecological 
receptor group in the BERA. Effects thresholds are typically represented by TRVs. A 
TRV is a threshold concentration of a particular chemical that represents some level of 
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documented risk (i.e., the minimum concentration associated with adverse effects, or 
the maximum concentration not associated with adverse effects) to a particular 
organism. A separate document, the TRV Deliverable (Windward [in prep]-e), 
presents the selection process and selected TRVs that will be used to screen COPECs. 
The selected ecological TRVs presented in the TRV Deliverable are represented by 
either 1) published national and regional criteria or threshold effects screening levels, 
or 2) no-observed-adverse-effect levels (NOAELs) and lowest-observed-adverse-effect 
levels (LOAELs) derived from the primary toxicity literature studies. NOAELs are 
concentrations or doses below which adverse effects have not been observed, and 
LOAELs are concentrations or doses above which adverse effects relative to control 
organisms have been observed.  

For risk characterization in the BERA, some of the TRVs presented in the TRV 
Deliverable (Windward [in prep]-e) that will be used to screen COPECs will also be 
used to evaluate ecological risks (i.e., for the evaluation of ecological receptor groups 
and surface water and for the evaluation of aquatic plants and sediment17). For other 
effects thresholds (i.e., CTRs and dietary TRVs), an evaluation of the effects data will 
be conducted to derive concentration- or dose-response threshold that will be used to 
characterize ecological risks.18 Species-specific toxicity data or toxicity data based on 
species related to the selected focal species will be used, if such data are available.  

Both NOAELs and LOAELs are commonly used in ERAs in accordance with USEPA 
guidance (1997a). However, the interpretation of risk estimates (derived as hazard 
quotients [HQs]) should involve an assessment of concentration- and dose-response 
data (Allard et al. 2009). For all COPECs, when sufficient toxicity data are available, 
concentration- or dose-response thresholds will be derived from the toxicological 
literature and will represent a level appropriate for the protection of biological 
populations. These concentration- and dose-response thresholds will represent the 
effects threshold to be used to derive risk estimates (HQs).  Species sensitivity 
distributions may be used to develop effects thresholds if sufficient data are available. 

If toxicity data are insufficient to develop a concentration- or dose-response threshold 
or a species sensitivity distribution, the threshold used to determine risk estimates in 
the BERA will be based on a range of the NOAEL and LOAEL, or an effects threshold 
will be extrapolated from the available LOAEL. Toxicity data based on field studies 
may also be discussed in the effects section of the BERA and will provide additional 
information on how concentration-response data and effects thresholds derived from 
controlled laboratory studies relate to studies that have been conducted in the field. 

 
17 BERA-specific thresholds, species sensitivity distributions, and/or concentration-response thresholds 

for these groups and media may be developed if sufficient data are available. 
18 When toxicity data are insufficient to develop a concentration- or dose-response threshold, the 

threshold used to determine risk estimates in the BERA will be based on a species sensitivity 
distribution and/or a range of the NOAEL and LOAEL, or an effects threshold will be extrapolated 
from the LOAEL.  
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Table 2-3 presents a summary of the types of toxicity thresholds that will evaluated for 
each ecological receptor group in the BERA.
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Table 2-3. Summary of effects thresholds types to be evaluated in the BERA 

Testable Risk Question 
Effects  

Threshold Type Effects Threshold Description 
Zooplankton Community   

Are COPEC concentrations in surface water in the LPRSA at 
levels that might affect the maintenance of the zooplankton 
community as a food resource for fish? 

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived. 

Benthic Invertebrate Communitya   

Are benthic communities different from those found in similar 
nearby water bodies where chemical concentrations are at 
background levels? 

SQT evaluation Benthic community data will be compared with referenceinformation. The approach is 
discussed in Appendix B. 

Are COPEC residues in benthic invertebrate tissues from the 
LPRSA at levels that might cause an adverse effect on 
survival, growth, and/or reproduction of infaunal 
invertebrates? 

concentration-
response tissue 
threshold 

Whole -body tissue concentration-response thresholds will be derived from the toxicological 
literature. If toxicity data are insufficient to develop concentration-response thresholds, the 
thresholds will be based on the ranges of NOAELs and LOAELs, or effects thresholds will be 
extrapolated from the LOAELs. 

Are COPEC concentrations in LPRSA sediments from the 
biologically active zone at levels that might cause an adverse 
effect on the survival, growth, and/or reproduction of the 
benthic invertebrate community?  

SQT evaluation 

Literature -based SQGs (both freshwater and estuarine) will be based on those published by 
the NJDEP that reliably predict site-specific toxicity will be used as part of the overall 
sediment threshold and concentration response to assist in determining potential risks to 
benthic invertebrate community. 

Results of sediment toxicity tests will be used as part of the overall sediment threshold and 
concentration response to assist in determining potential risks to benthic invertebrate 
community. 

Are COPEC concentrations in surface water from the LPRSA 
at levels that might cause an adverse effect on survival, 
growth, and/or reproduction of the benthic invertebrate 
community?  

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived. 

Crustacean Populationsb   

Are COPEC residues in benthic macroinvertebrate tissues 
from the LPRSA at levels that might cause an adverse effect 
on survival, growth, and/or reproduction of macroinvertebrate 
(i.e., blue crab and crayfish) populations in the LPRSA?  

concentration-
response tissue 
threshold 

Whole -body tissue concentration-response thresholds will be derived from the toxicological 
literature. If toxicity data are insufficient to develop concentration-response thresholds, the 
thresholds will be based on the ranges of NOAELs and LOAELs, or effects thresholds will be 
extrapolated from the LOAELs. 

Are COPEC concentrations in LPRSA sediments from the 
biologically active zone at levels that might cause an adverse 
effect on survival, growth, and/or reproduction of 
macroinvertebrate populations?  

SQT evaluation 
Literature -based SQGs (both freshwater and estuarine) based on those published by the 
NJDEP that reliably predict site-specific toxicity will be used as part of the overall SQT 
evaluation to assist in determining potential risks to macroinvertebrate populations.  
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Table 2-3. Summary of effects thresholds types to be evaluated in the BERA 

Testable Risk Question 
Effects  

Threshold Type Effects Threshold Description 
Are COPEC concentrations in surface water from the LPRSA 
at levels that might cause an adverse effect on survival, 
growth, and/or reproduction of macroinvertebrate 
populations?  

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived. 

Mollusk Populationsc   

Are COPEC residues in bivalve mollusk tissues from the 
LPRSA at levels that might cause an adverse effect on 
survival, growth, and/or reproduction of mollusk populations in 
the LPRSA? 

concentration-
response tissue 
threshold 

Whole -body tissue concentration-response thresholds will be derived from the toxicological 
literature. If toxicity data are insufficient to develop concentration-response thresholds, the 
thresholds will be based on the ranges of NOAELs and LOAELs, or effects thresholds will be 
extrapolated from the LOAELs. 

Are COPEC concentrations in LPRSA sediments from the 
biologically active zone at levels that might cause an adverse 
effect on survival, growth, and/or reproduction of mollusk 
populations?  

SQT evaluation 
Literature -based SQGs (both freshwater and estuarine) based on those published by the 
NJDEP that reliably predict site-specific toxicity will be used as part of the overall SQT 
evaluation to assist in determining potential risks to mollusk populations.  

Are COPEC concentrations in surface water from the LPRSA 
at levels that might cause an adverse effect on survival, 
growth, and/or reproduction of mollusk populations?  

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived.  

Fish Populations   

Are COPEC concentrations in fish tissue from the LPRSA at 
levels that might cause an adverse effect on survival, growth, 
and/or reproduction of populations of fish that use the 
LPRSA? 

concentration-
response tissue 
threshold 

Whole -body and fish egg tissue concentration-response thresholds will be derived from the 
toxicological literature that is species specific (if data are available). If toxicity data are 
insufficient to develop concentration-response thresholds, the thresholds will be based on 
the ranges of NOAELs and LOAELs, or effects thresholds will be extrapolated from the 
LOAELs. 

Are modeled dietary exposures to COPECs from LPRSA prey 
at levels that might cause an adverse effect on survival, 
growth, and/or reproduction of fish populations that use the 
LPRSA? 

dose-response 
threshold 

Dose -response thresholds will be derived from the toxicological literature that is species 
specific (if data are available). If toxicity data are insufficient to develop 
concentration-response thresholds, the thresholds will be based on the ranges of NOAELs 
and LOAELs, or effects thresholds will be extrapolated from the LOAELs. 

Are COPEC concentrations in surface water from the LPRSA 
at levels that might cause an adverse effect on survival, 
growth, and/or reproduction of fish populations that use the 
LPRSA?  

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived. 

What are the egg numbers (or mass) from estuarine benthic 
omnivores (i.e., mummichog) from the LPRSA?  

none; qualitative 
evaluation LPRSA data will be compared with regional and/or literature values.  
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Table 2-3. Summary of effects thresholds types to be evaluated in the BERA 

Testable Risk Question 
Effects  

Threshold Type Effects Threshold Description 
Bird Populations   

Are modeled dietary-doses of COPECs based on LPRSA 
biota, sediment, and surface water and/or modeled 
piscivorous bird egg tissues based on LPRSA fish at levels 
that might cause an adverse effect on survival, growth, and/or 
reproduction of bird populations that use the LPRSA? 

dose-response 
threshold 

Dose -response thresholds will be derived from the toxicological literature that is species 
specific (if data are available). If toxicity data are insufficient to develop 
concentration-response thresholds, the thresholds will be based on the ranges of NOAELs 
and LOAELs, or effects thresholds will be extrapolated from the LOAELs. 

concentration-
response tissue 
threshold 

Egg tissue concentration-response thresholds will be derived from the toxicological literature 
that is species specific (if data are available). If toxicity data are insufficient to develop 
concentration-response thresholds, the thresholds will be based on the ranges of NOAELs 
and LOAELs, or effects thresholds will be extrapolated from the LOAELs. 

Mammal Populations   

Are modeled dietary-doses of COPECs based on LPRSA 
biota, sediment, and surface water at levels that might cause 
an adverse effect on survival, growth, and/or reproduction of 
aquatic mammal populations that use the LPRSA? 

 dose-response 
threshold 

Dose -response thresholds will be derived from the toxicological literature that is species 
specific (if data are available). If toxicity data are insufficient to develop 
concentration-response thresholds, the thresholds will be based on the ranges of NOAELs 
and LOAELs, or effects thresholds will be extrapolated from the LOAELs. 

Aquatic Plant Populations   

Are COPEC concentrations in surface sediment and/or 
surface water in the LPRSA at levels that might affect the 
maintenance of healthy aquatic plant populations as a food 
resource and habitat for fish and wildlife?  

sediment threshold Sediment screening TRVs (based on aquatic plant soil thresholds) or updated value will be 
based on a review of toxicity data.d 

water threshold 
Water TRVs (both freshwater and estuarine) will be based on NJDEP, AWQC, or Tier II 
value, as presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a 
review of toxicity data published since the criteria were derived. 

Amphibian/Reptile Populationsd   

Are COPEC concentrations in surface water and/or surface 
sediment from the LPRSA at levels that might cause an 
adverse effect on survival, growth, and/or reproduction of 
amphibian and reptile populations that use the LPRSA? 

water threshold 
Water TRVs (freshwater only) will be based on NJDEP, AWQC, or Tier II value, as 
presented in TRV Deliverable (Windward [in prep]-e), or updated value based on a review of 
toxicity data published since the criteria were derived. 

a Tissue-residues of infaunal invertebrates will be evaluated.  
b Tissue-residues of blue crab will be evaluated.  
c Tissue-residues of bivalves will be evaluated.  
d Insufficient data are available to develop TRVs for chemicals in sediment for amphibians and reptiles; instead, risks to these receptor groups will be evaluated through the surface 

water pathway. 
AWQC – ambient water quality criteria 
BERA – baseline ecological risk assessment 
COPEC – chemical of potential ecological concern 
LOAEL – lowest-observed-adverse-effect level 

LPRSA – Lower Passaic River Study Area  
NJDEP – New Jersey Department of Environmental Protection  
NOAEL – no-observed-adverse-effect level 
 

SQG – sediment quality guideline  
SQT – sediment quality triad 
TRV – toxicity reference value 
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2.5 RISK CHARACTERIZATION AND UNCERTAINTY ANALYSIS METHODS 
The final step of the BERA is the risk characterization and uncertainty evaluation. Two 
main components will be included in the LPRSA risk characterization of the BERA: 

 Risk estimation—Risk estimation is the process of integrating exposure and 
effects (USEPA 1998b). Several general approaches for estimating risk will be 
used in the LPRSA BERA (e.g., HQs and SQT evaluation), depending on the 
measurement endpoint being assessed.  

 Evaluation of background and reference area information—USEPA guidance 
(2002e) recommends that site-specific background and reference information be 
evaluated during the risk characterization. Therefore, background and 
reference data will be evaluated as part of the risk characterization to 1) 
evaluate potential non-LPRSA contaminant sources, either historical or 
ongoing, and 2) evaluate site chemical concentrations relative to background or 
reference concentrations (Apitz et al. 2004). A technical memorandum detailing 
the proposed approach for defining background and reference information is 
included as Appendix B.  

The uncertainty analysis part of the risk characterization process is critical to 
understanding the level of confidence in calculated risk estimates. Inherent 
uncertainties throughout the BERA process must be characterized in order to 
reasonably evaluate potential remedy effectiveness. In addition, habitat characteristics 
will be discussed in a subsection of the risk characterization. 

The following subsections present additional details on risk estimation and 
uncertainty analysis. The results of the risk characterization will be used to identify 
ecological chemicals of concern (COCs), as described in Section 2.6. 

2.5.1 Risk estimation 
At least three general approaches for estimating risk will be used in the LPRSA BERA, 
depending on the measurement endpoint being assessed. These approaches include: 

 HQ approach 

 SQT approach (applicable to benthic invertebrate risks only) 

 Qualitative assessment approach 
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These approaches are described in the following subsections. Other quantitative 
information regarding magnitude, severity, areal extent, and the temporal distribution 
of and potential for recovery from risks may be included in the risk characterization, 
as needed, to reasonably inform risk managers charged with evaluating the potential 
response alternatives to achieve acceptable levels of protection. 

2.5.1.1 Hazard quotient approach 
The primary method that will be used to derive risk estimates in the BERA is the HQ 
approach, which directly compares the EPC or dose with an effects threshold using the 
following equation: 

TRV
EPCHQ =  or 

TRV
DoseHQ =  Equation 2-6

 
Where: 

HQ = hazard quotient  
EPC = exposure point concentration based on a central tendency and 

upper-bound concentration (Section 2.3.1) 
TRV = chemical-specific effects threshold based on literature-based, 

concentration-response, or dose-response threshold (Section 2.4)  
Dose = estimated daily ingested dose based on species-specific assumptions 

(Section 2.3.1) 

HQs will be derived based on the following measurement endpoints and receptor 
groups: 

 Direct sediment assessment19—aquatic plants, benthic invertebrates, mollusks 
(bivalves), decapods (blue crab), fish, amphibians, and reptiles 

 Direct surface water assessment—zooplankton, benthic invertebrates, fish, 
aquatic plants, amphibians, and reptiles 

 Tissue-residue assessment—infaunal invertebrates, mollusks (bivalves), 
decapods (blue crab), fish (including whole-body and egg residues), and birds 
(egg residues) 

 Dietary-dose assessment—fish, birds, and mammals  

The HQ approach is largely based on chemical-specific effects thresholds that are 
representative of toxic responses of individual organisms. HQs less than 1.0 indicate 
that adverse effects on individual organisms are unlikely. Conversely, HQs that 
exceed 1.0 indicate that adverse effects on the survival, growth, or reproduction of 
individual organisms are possible. The evaluation of risks in the LPRSA BERA is 

 
19 HQs will be developed for aquatic plants, benthic invertebrates, mollusks (bivalves), decapods (blue 

crab), fish, amphibians, and reptiles if toxicity information is available and if a dose response between 
chemical and adverse effect is observed. 
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intended to be protective of ecological populations, and therefore the BERA will 
evaluate the potential for adverse effects to ecological populations by extrapolating 
from HQs based on individuals using population models or similar methods. In order 
to extrapolate from individual- to population-level effects, a variety of tools may be 
used, including the following:  

 Life history models, such as those presented in Caswell (2001), that aim to 
assess population-level endpoints (e.g., growth rate, population structure) 

 Landscape models that take into account the spatial distribution and 
availability of LPRSA habitat to determine the extent to which ecological 
populations can be supported  

 Other quantitative or qualitative methods that integrate both the magnitude 
and type of effects across organism-level endpoints to predict potential effects 
on populations.  

An evaluation that uses one or more of these tools will be conducted to assess 
population-level risks in the BERA. Other region-specific field studies may also be 
examined as an additional line of evidence to evaluate potential risks to ecological 
populations. 

2.5.1.2 Sediment quality triad approach 
A large dataset, including multiple variables from three data types (i.e., sediment 
toxicity, benthic invertebrate community structure, and surface sediment chemistry) 
will be assembled to evaluate risks to benthic invertebrates from chemical 
contamination in the LPRSA. This section presents the proposed methods for 
conducting the SQT evaluation in the BERA. The proposed methods for the SQT 
evaluation may need to be revised based on the results of the SQT evaluation. 

The proposed approach is similar to that conducted for SQT data collected from RM 1 
to RM 7 in 1999 (Iannuzzi et al. 2008). In that study, sediment chemistry, toxicity, and 
benthic invertebrate community samples were analyzed at 15 intertidal sampling 
locations in the LPR and at 3 reference/control sampling locations in the Mullica River 
(Iannuzzi et al. 2008). Data types were analyzed individually and in combination as 
multiple lines of evidence to determine which physical and chemical variables had the 
largest impact on benthic invertebrates. LPRSA chemical results were statistically 
compared with reference chemical concentrations (USEPA 1992c) and numerically 
compared with sediment quality guidelines (SQGs) (Long et al. 1995); the 
bioavailability of metals was also examined based on the ratio of simultaneously 
extracted metals (SEM) to acid volatile sulfide (AVS). Toxicity results were statistically 
compared with controls and classified as non-toxic, marginally toxic, and highly toxic 
based on thresholds calculated from the minimum statistically significant difference 
for each toxicity test according to methods adopted by NOAA (Long et al. 1998). 
Alterations in benthic community structure were identified based on a statistical 
comparison of density, richness, relative abundance of pollution-tolerant taxa (Adams 
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et al. 1998), and several other metrics at LPRSA sampling locations with those from the 
reference sampling locations. The magnitude of responses across data types was 
compared and contrasted using correlations, multivariate analyses, and spatial 
evaluations to identify patterns and develop multiple lines of evidence for evaluating 
benthic community risks. The implementation of the SQT approach is described in the 
following subsections. 

Available Data Types  

Data supporting the benthic invertebrate risk assessment represent five different 
measurement endpoints based on various data types: benthic invertebrate community 
structure, benthic invertebrate toxicity, surface sediment chemistry, benthic 
invertebrate tissue residues, and water chemistry.20 The SQT approach typically 
includes three of these data types (i.e., benthic invertebrate community structure, 
sediment toxicity, and sediment chemistry). In the LPRSA SQT evaluation, habitat 
quality will also be evaluated. The data types that will be used in the SQT approach, 
and their metrics, include:  

 Site-specific benthic invertebrate community structure data 

 Diversity 

 Abundance/density/richness 

 Relative abundance of major taxa or functional groups  

 Dominance/evenness/Swartz’s dominance 

 Other indices (e.g., benthic index of biotic integrity [B-IBI] (Adams et al. 
1998)) 

 Site-specific sediment toxicity data 

 Chironomus test and control growth and survival (from above RM 8.5) 

 Hyalella test and control growth and survival (from the entire LPRSA with 
salinity adjustments in the estuarine portion of the LPRSA) 

 Ampelisca test and control survival (from below RM 8.5) 

 Site-specific surface sediment chemistry data 

 Individual chemical and chemical group concentrations (including 
AVS-SEM) 

 Site-specific habitat quality (based on physical/conventional data) 

 Total organic carbon/total volatile solids 

 
20 The evaluation of benthic invertebrate tissue and water chemical concentrations will not be 

considered in the SQT approach because of the small number of samples. These measurement 
endpoints will be evaluated using the HQ approach, as described in Section 2.5.1.1. 
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 Grain size 

 Interstitial salinity 

 Water depth 

 Sulfides 

 Ammonia 

 Presence of leaf litter/debris  

Data Preparation 

Before any statistical analyses are conducted, all validated data will be evaluated and 
metrics will be calculated, as needed, for each data type. A complete description of all 
chemical and physical data-reduction steps are provided in the Revised Data Usability 
Plan (Windward and AECOM [in prep]).  

Biological data-reduction steps include: 

 Normalization of toxicity responses to negative control responses 

 Calculation of indices and metrics for freshwater and estuarine benthic 
community samples (e.g., diversity, taxa richness, density, dominance, 
evenness, relative abundance of major taxa and functional groups, and B-IBI) 

 Creation of species, toxicity, and chemistry matrices for use in statistical 
analyses 

Data Analysis 

SQT data will be evaluated in two phases: an exploratory phase and a risk 
characterization phase. The exploratory phase will rely on the use of statistical 
analyses (e.g., analysis of variance, correlation), multivariate techniques, and spatial 
analyses to identify key gradients in each data type, relationships between abiotic 
factors and biological responses, and uncertainties in assessing risk. Variables 
associated with the key gradients of each data type will be carried forward into the 
risk characterization phase.  

In the risk characterization phase, data will be normalized to appropriate decision 
thresholds in order to classify locations as toxic or non-toxic by each data type.  

 Sediment toxicity data—Site values for toxicity endpoints will be first 
compared with control sample results. The 90th percentile of the minimum 
significant difference (MSD) for each pair of site and control data will be 
calculated (Phillips et al. 2001). Toxicity test results will then be normalized to 
the MSD threshold for each endpoint for use in the subsequent risk 
characterization.  
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 The toxicity data will be compared to reference toxicity response datasets 
(either estuarine or freshwater). Statistical analysis of the data will be conducted 
using the Mann-Whitney U test. Sediment chemistry data—Individual 
chemical concentrations will be compared with the most currently published 
SQG used by the NJDEP (e.g., NJDEP 2009). Resulting individual chemical 
quotients and mean quotients across chemicals will be used to represent 
chemistry samples in subsequent multivariate analyses. The ability of the 
NJDEP SQGs to reliably predict site-specific sediment toxicity will be evaluated 
based on the rates of false positive and false negative results relative to the 
empirical toxicity data. Those SQGs that are not predictive will be discussed as 
an uncertainty in the risk characterization. 

To provide context for the potential risks predicted by exceedances of the 
NJDEP SQGs, chemical concentrations will also be compared to background 
levels.  

 Benthic invertebrate community structure data—Benthic community metrics 
will be compared with information contained in the reference area information 
dataset. If no acceptable reference community data are available, benthic 
community metrics will be compared to the least-impaired LPRSA sample 
values (as defined by chemistry) with a similar salinity (i.e., fresh water versus 
estuarine) and grain size category (fine versus coarse). Benthic data will be 
evaluated relative to reference levels (or site-specific values) in the subsequent 
risk characterization.  

The magnitude of responses across data types will be compared and contrasted using 
bivariate (e.g., correlation, regression) statistical procedures, multivariate analyses, 
and spatial evaluations to identify patterns and develop multiple lines of evidence for 
evaluating benthic community risks and the distribution within the LPRSA. 

SQT Risk Conclusions  

As stated previously, a WOE approach will be used to evaluate risk to the benthic 
community. No single line of evidence will be used to determine benthic invertebrate 
community risk conclusions. Rather, all lines will first be evaluated independently, 
and then a WOE evaluation will be used to determine benthic invertebrate community 
risk conclusions. The WOE approach will integrate these lines of evidence following 
the general framework presented in Volume III of USEPA’s guidelines for assessing 
freshwater sediment (USEPA 2002c). Concordance among the endpoints will be 
interpreted as being more certain than mixed results and will be interpreted based on 
the strength of the relationship between measured effect and response. The resulting 
areas will be mapped to indicate exposure area and areas of potential risk, ranging 
from low to high. Unacceptable risks to the benthic invertebrate community will be 
based on a demonstration that biological effects are likely linked with chemical 
concentrations in the LPRSA and cannot be explained by other physical factors.  
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2.5.1.3 Qualitative assessment approach and evaluation of habitat 
characteristics 

For some measurement endpoints, risk estimation will be presented qualitatively to 
evaluate overall population-level health. These measurement endpoints include: 

 Evaluation of overall fish community health based on the following 
LPRSA-specific data: gross internal/external fish observations, fish community, 
and egg count data 

 Evaluation of overall bird community health based on avian community data 

Ecosystem characteristics (including site-specific habitat characteristics) will also be 
discussed qualitatively in the BERA as part of the risk characterization (under a 
subsection entitled the discussion section) for all receptor groups, per USEPA ERA 
guidance (1997a, 1998b) to help fully characterize the ecological system present within 
the LPRSA. Types of non-habitat characteristics that will be evaluated are presented in 
Section 2.5.3. Understanding the impacts of habitat constraints and other stressors on 
ecosystems in the LPRSA is a factor in assessing ecological risks and planning 
restoration. 

2.5.2 Uncertainty evaluation  
The evaluation of uncertainties is a critical step of the ERA process for determining the 
level of certainty in risk estimates. Uncertainty analysis increases the confidence in an 
ERA by explicitly describing the magnitude and direction of uncertainties (USEPA 
1998b). There are inherent uncertainties throughout the ERA process that must be 
identified and evaluated for their impacts on risk estimation.  

As part of the risk characterization process, the uncertainties associated with the 
LPRSA BERA and risk estimates will be summarized, including the uncertainties 
associated with the following: 

 Exposure parameters/assumptions used to evaluate risk (including the 
bioavailability of chemicals [e.g., metals] and implications for dietary estimates, 
selected exposure parameters [e.g., average body weight])  

 Data used in exposure assessment (including an evaluation of the 
representativeness of data both spatially and temporally, completeness of the 
dataset used, and representativeness of the species and COPECs analyzed for 
use in the risk assessment).  

 Effects data (including TRV selection) and methods used to define site-specific 
toxicity.  

 Models used to represent risk and/or exposure data (e.g., SQT model, dietary 
model, predicted egg tissue concentrations, and reconstituted whole-body 
tissue concentrations) 
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 Impacts on and contributions to estimated risks associated with background 
and reference information inputs of COPCs to the LPRSA 

 Influences of site characteristics, such as non-chemical stressors, on the 
ecosystem 

 Risk characterization methods, including relative uncertainties of individual 
lines of evidence and processes used to integrate lines of evidence to determine 
risk conclusions. 

Such uncertainties, along with their implications for the final risk conclusions for the 
LPRSA, will be identified and discussed in the context of the risk characterization. 
Both qualitative and quantitative approaches will be used to discuss the uncertainty of 
risk estimates for the LPRSA ERA. A range of exposure and effects assumptions can be 
evaluated quantitatively (e.g., Monte Carlo simulations) to capture the range of 
uncertainty associated with these assumptions. Species sensitivity distributions may 
also be used, if sufficient toxicity data are available, to better define effects thresholds 
for the specific focal species being evaluated. The quantitative methods for evaluating 
uncertainties that will be used in the BERA will be determined through discussions 
between the CPG and USEPA. 

2.5.3 Evaluation of habitat characteristics 

Although the BERA will be based on a quantitative evaluation of chemical stressors, it 
will also present a qualitative evaluation of site-specific physical stressors in the risk 
characterization section, including, but not limited to, the following:  

 Habitat quality and availability 

 Biological substrate suitability 

 Hydrologic flow patterns 

 Turbidity 

 Water temperature 

 Dissolved oxygen 

 Total organic carbon 

 Impact of invasive species  

A primary stressor to ecological receptors in the LPRSA is the highly altered habitat, 
primarily in the lower portion of the LPRSA. Degraded habitat may adversely affect 
the health, abundance, diversity, and reproductive success of ecological populations. 
General habitat areas have been identified in several habitat and vegetation surveys 
that have been conducted in the LPRSA within the past decade (Iannuzzi and Ludwig 
2004; USACE et al. 2008). Based on the habitat survey conducted in summer 2010, 
most (approximately 70%) of the riverbank along the lower portion of the LPRSA 
(from RM 1 to RM 7) consists of bulkhead and/or riprap and supports a limited 
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amount of vegetation (Lower Passaic River Restoration Project, Lower Passaic River RI/FS, 
Habitat Identification Survey Data Report for the Lower Passaic River Study Area Fall 2010 
Field Effort (Windward [in prep]-c). The upper portion of LPRSA riverbank (from RM 7 
to RM 17.4) primarily consists of bulkhead and/or riprap with overhanging 
vegetation. Natural habitat areas along the shoreline, including wetland and mudflat 
habitats, are limited to small patches or isolated areas. Mudflats provide key foraging 
habitat for shorebirds, blue crab, and fish that use the intertidal areas. Mudflats are 
more common in the estuarine portion of the LPRSA. Riparian vegetation in the 
LPRSA includes both native and non-native plant species; only 20 to 29% of 
herbaceous plant species and 60 to 80% of shrubs observed along the LPRSA during 
the 2007 and 2008 vegetation surveys were native species (USACE et al. 2008). 
Wetland habitats are generally dominated by Phragmites australis (common reed) and 
Spartina alterniflora (smooth cordgrass). Avian use of the LPRSA is limited by habitat 
availability, as reported by Ludwig et al. (2010) and observed in recent avian 
community surveys (Lower Passaic River Restoration Project, Lower Passaic River RI/FS, 
Avian Community Survey Data Report for the Lower Passaic River Study Area Summer and 
Fall 2010 Field Efforts (Windward 2011a) and Lower Passaic River Restoration Project, 
Lower Passaic River RI/FS, Avian Community Survey Data Report for the Lower Passaic 
River Study Area Winter and Spring 2011 Field Efforts (Windward [in prep]-a)). 

A qualitative habitat survey of the entire LPRSA was conducted in 2010. The results of 
this survey will be used to update existing information on shoreline and bank habitat 
along the entire stretch of the LPRSA. The results of the 2010 habitat survey and 
previous surveys will be discussed in the risk assessments. General use of the LPRSA 
habitat based on the qualitative habitat survey and biological (i.e., benthic, fish, and 
avian) surveys will also be discussed in the context of the river’s ecological health and 
the impacts of these shoreline and bank habitat characteristics on potential risks to 
ecological receptors. 

Other non-chemical data collected during RI sampling efforts (including physical 
water quality parameters) will also be evaluated to provide additional information on 
factors that may be impacting the health of ecological receptors in the LPRSA. 
Understanding the impacts of habitat constraints on ecosystems in the LPRSA is 
important when assessing ecological risks and planning restoration. The potential 
impact of habitat characteristics will be discussed in a subsection of the risk 
characterization section.  

2.6 IDENTIFICATION OF ECOLOGICAL COCS 
After the completion of the LPRSA BERA, a list of chemicals with HQs greater than 1.0 
will be identified. This list of chemicals will be used to determine COCs; COCs are 
chemicals that may pose unacceptable risk to ecological receptors. In accordance with 
USEPA guidance (USEPA 1999), ecological COCs will be identified based on the 
following: 
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 The approximate magnitude of the HQ or exceedance based on the comparison 
of exposure and effects data (observed or predicted) 

 The approximate severity of estimated adverse effects (i.e., to what extent 
ecological receptors may be affected)  

 The approximate distribution of estimated adverse effects (i.e., areal extent and 
duration) 

 The potential for the recovery of the affected ecological receptors 

Risks to the benthic community will be based on multiple lines of evidence, some of 
which are toxicologically based (i.e., tissue residue, surface water quality) and some of 
which are correlative because they measure a response to chemical mixtures (i.e., 
toxicity, benthic community structure). These lines of evidence will be combined in a 
WOE to identify areas of benthic risk. 

The potential effects of non-COPEC habitat characteristics (e.g., habitat loss, total 
organic carbon, dissolved oxygen) on ecological receptors will be considered in 
conjunction with risk estimates. LPRSA COC concentrations that are influenced by 
background and/or reference information will be identified. The process for defining 
background and reference datasets is presented in Appendix B. 

Uncertainties associated with the assumptions used to determine risk estimates will 
also be identified in order to bracket the confidence in the risk conclusions. A multiple 
lines of evidence evaluation will be used to integrate the results from the various 
measurement endpoints to arrive at risk conclusions for each ecological receptor 
group based on the uncertainties and ecological relevance within the LPRSA 
associated with each measurement endpoint, as well as the extent to which site-
specific data were used.  

The various lines of evidence in the risk assessment will be summarized, along with 
the uncertainties identified with each line of evidence, in the risk summary. The 
strengths and weaknesses of each line of evidence will be discussed, and the various 
lines of evidence will be summarized per receptor group. A range of risk estimates 
will be provided in table format, and the strengths and weaknesses associated with 
each receptor group’s risk estimate will be identified. The uncertainties associated 
with each risk estimate will be discussed, and an overall summary of risk will be 
provided. This summary of risk (by receptor group) then can be used in risk 
management decision-making and in the evaluation of remedial alternatives as the FS 
is developed.  
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3 Human Health Risk Assessment 

This section presents the methods and analysis plan for conducting the baseline 
HHRA. The baseline HHRA will be conducted to evaluate potential human health 
risks using data collected as part of the RI/FS for the LPRSA. The baseline HHRA will 
comply with USEPA guidance for conducting a risk assessment, including, but not 
limited to, the following: 

 Risk Assessment for Superfund: Volume 1 – Human Health Evaluation Manual 
(Parts A, B, C, D, E, and F) (USEPA 1989b, 1991b, c, 2001b, c, 2004a, b, 2009a) 

 Risk Assessment Guidance for Superfund: Volume 3 – Part A, Process for Conducting 
Probabilistic Risk Assessment (USEPA 2001c) 

 Risk Assessment Guidance for Superfund, Human Health Evaluation Manual 
Supplemental Guidance: Standard Default Exposure Factors (USEPA 1991a) 

 Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions 
(USEPA 1991d) 

 Guidance for Data Useability in Risk Assessment (Part A) (USEPA 1992a)  

 Guidelines for Exposure Assessment (USEPA 1992b) 

 Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening, 
EPA/903/R-93-001 (USEPA 1993b)  

 Land Use in the CERCLA Remedy Selection Process (USEPA 1995) 

 Exposure Factors Handbook (USEPA 1997b, 2011a) 

 Guidance for Comparing Background and Chemical Concentrations in Soil for 
CERCLA Sites, Office of Solid Waste and Emergency Response (OSWER) 9285.7-
41 (USEPA 2002b) 

 Role of Background in the CERCLA Cleanup Program, OSWER 9285.6-07P (USEPA 
2002e) 

 Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous 
Waste Sites (USEPA 2002a) 

 Human Health Toxicity Values in Superfund Risk Assessments, OSWER Directive 
9285.7-53 (USEPA 2003a) 

 Child-Specific Exposure Factors Handbook (USEPA 2008) 

 ProUCL Version 4.1.01, Statistical Software for Environmental Applications for 
Data Sets with and without Nondetect Observations (USEPA 2010a, b, 2011b) 

 Regional Screening Levels(USEPA 2013b, c)  
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The baseline HHRA will be conducted in accordance with the four-step paradigm for 
HHRAs developed by USEPA (1989b). These steps are: 

 Data evaluation and hazard identification 

 Exposure assessment 

 Toxicity assessment 

 Risk characterization 

As part of the baseline HHRA process, the assumptions and methods that introduce 
uncertainty will be evaluated. The approach to be used in the uncertainty analysis is 
discussed in this plan. 

This section is organized to address the baseline HHRA components as follows: 

 Section 3.1 – Summary of the Problem Formulation 

 Section 3.2 – Data Evaluation and Hazard Identification Methods 

 Section 3.3 – Exposure Assessment Methods and Parameters 

 Section 3.4 – Toxicity Assessment Methods  

 Section 3.5 – Risk Characterization Methods  

 Section 3.6 – Uncertainty Analysis Methods 

3.1 SUMMARY OF THE PROBLEM FORMULATION 
The PFD (Windward and AECOM 2009) presented a preliminary human health CSM 
for the LPRSA. As described in the PFD, the characteristics of the LPRSA vary 
considerably over its 17.4-mile length. There are major differences along the river’s 
length in the characteristics that impact human use, including:  

 Shoreline (e.g., sheet piling, bulkhead, riprap, docking, bridges, natural 
vegetation, mudflats)  

 Land use and public access (e.g., industrial, commercial, highway, rail, park 
land, residential) 

 Waterway use (e.g., shipping, commercial craft, pleasure boating, sculling or 
canoeing/kayaking)  

Intensive commercial and industrial uses occur along the lower reach of the river, near 
Newark Bay, as the result of a highly developed transportation infrastructure that 
includes highway, railway, and marine services. Urban uses, including a highway, 
continue along the western side of the LPR as far north as RM 17.4. Land uses above 
RM 6 include parks along the eastern bank, boat clubs, boat launches, and commercial 
and industrial properties, as well as pockets of residential development. The river 
generally transitions, with increasing distance upriver, from industrial and 
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commercial uses to a mix of commercial, industrial, and recreational uses with some 
residential areas. 

Because of the wide-ranging variability in land use along the LPR shoreline and the 
changing characteristics of the LPR itself, for the purpose of the baseline HHRA it will 
be necessary to segment the river into specific areas relevant to characterizing 
potential human exposure under current and potential future use conditions (USEPA 
1989b). The PFD identified three river segments based on salinity ranges described in 
USEPA’s CSM (Malcolm Pirnie 2007). As described in the PFD, RM 0 to RM 6 (the 
Lower River Segment) is considered brackish; RM 6 to RM 10 (the Middle River 
Segment) is considered transitional; and RM 10 to RM 17.4 (the Upper River Segment) 
is considered fresh. However, delineation by salinity has no direct applicability to 
human exposure potential. As described in Section 3.3.1 of this document, site-specific 
information collected during the RI/FS process will be used to update the preliminary 
CSM. This updated will include redefining the exposure areas, determining whether 
the potential receptor/exposure scenarios identified in the preliminary CSM are 
complete for each exposure area, and whether these scenarios warrant quantitative 
evaluation in the baseline HHRA. As agreed with USEPA, and discussed further in 
Section 3.3.5 of this document, the identification of exposure areas, and exposure 
scenarios relevant to each exposure area, will be determined after all relevant site data 
have been collected and analyzed.  

3.2 DATA EVALUATION AND HAZARD IDENTIFICATION METHODS 
The procedures to be used to evaluate and reduce the data for subsequent risk 
assessment use will be provided in the Revised Data Usability Plan (Windward and 
AECOM [in prep]). A detailed description of the selection process for COPCs to be 
quantitatively evaluated in the baseline HHRA is provided in Appendix A.  

Several types of data have been collected by CPG since the beginning of the CPG-led 
LPRSA RI (initiated in 2007); these include sediment data in 2008 and 2009, physical 
water column data in 2009, fish and decapod tissue data in 2009, and habitat 
identification survey data in 2010 (see Section 1.2 for a complete list of CPG sampling 
programs). These data, as well as relevant historical data and future data collected 
(e.g., additional fish tissue chemistry data, water column chemistry), will be 
considered for evaluation in the baseline HHRA. Prior to conducting the baseline 
HHRA, the historical and recent analytical data collected for the LPRSA will undergo 
a thorough evaluation in accordance with the Revised Data Usability Plan (Windward 
and AECOM [in prep]). The Revised Data Usability Plan, which is based on USEPA 
guidance (USEPA 1989b, 1992a), contains site-specific DQOs established during 
various site investigations and a process for evaluating whether performance criteria 
are met. Only data that meet the project DQOs established in the Revised Data 
Usability Plan (Windward and AECOM [in prep]) will be included in the risk 
assessment for the purpose of deriving EPCs. The data will also be summarized and 
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reduced in accordance with guidance and standard practices to generate a final 
dataset for the baseline HHRA. As will be presented in the Revised Data Usability 
Plan, this includes rules for the calculation of totals for chemicals with multiple 
congeners or isomers, selection of best results when multiple results are available, and 
treatment of “non-detect” results.  

Once the risk assessment dataset is established, the data will be evaluated to identify 
COPCs for further evaluation in the baseline risk assessments (USEPA 1989b, 1993b). 
The selection of baseline HHRA COPCs will be a multi-step process involving several 
screening steps designed to eliminate those chemicals that clearly pose negligible risks 
by using conservative assumptions (e.g., maximum concentrations, conservative 
risk-based screening levels). COPCs identified in the screening process will be 
evaluated in the baseline HHRA. The results of the baseline HHRA will be used in the 
FS process to aid in the identification of remedial objectives and will serve as the basis 
for the refinement of PRGs.  

3.3 EXPOSURE ASSESSMENT METHODS AND PARAMETERS  
The objective of the exposure assessment is to estimate the magnitude, frequency, 
duration, and routes of current and reasonably anticipated future human exposure to 
COPCs associated with the site. The extent of a receptor's exposure is estimated by 
identifying exposure scenarios that describe the potential pathways of exposure to 
COPCs and the specific activities and behaviors (e.g., swimming, wading, boating, 
fishing) of individuals that might lead to contact with COPCs in the environment. 

The LPRSA is a large and complex sediment site, and current site conditions reflect its 
long industrial history and urban setting; however in the future, the river is expected 
to be used for recreational activities to a greater extent than under current site 
conditions. Consistent with USEPA’s guidance and as described in the approved PFD 
(Windward and AECOM 2009), the exposure assessment for the LPRSA baseline 
HHRA will rely on site-specific approaches and assumptions to the extent possible. 
While use of some default or surrogate assumptions will be necessary in the remedial 
decision-making process, USEPA guidance documents stress the importance of using 
data that represent the characteristics of the local population(s) and site when possible 
and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000). However, USEPA 
guidance (1991a) also allows the use of default values developed by USEPA when 
there is a lack of site-specific data or consensus on which parameter value should be 
used given a range of possibilities.  

This section is organized as follows:  

 Section 3.3.1 discusses the preliminary baseline HHRA CSM for the LPRSA, 
including the site setting and uses, and potentially affected media. 

 Section 3.3.2 identifies the potentially exposed populations and the pathways 
by which people may be exposed to site media, or potential exposure scenarios. 
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 Section 3.3.3 presents the methods to be used to quantify potential exposures. 

 Section 3.3.4 identifies the exposure parameters and values to be used.  

 Section 3.3.5 describes the approaches to be used to estimate EPCs for each 
medium. 

3.3.1 Preliminary human health conceptual site model 
The first step of the exposure assessment process is the development of the human 
health CSM. The CSM is used to guide the identification of appropriate exposure 
pathways and receptors for evaluation in the risk assessment. The purpose of the CSM 
is to identify: 1) source areas, 2) potential migration pathways of constituents from 
source areas to environmental media where exposure can occur, 3) potential routes or 
pathways by which humans may come into contact with affected media, and 
4) potential human receptors. Potentially complete exposure pathways are identified 
in order to be considered for further evaluation in the risk assessment. For an exposure 
pathway to be complete, the following must exist (USEPA 1989b): 

 A source and mechanism of constituent release to the environment21 

 An environmental transport medium (e.g., air, water, soil) 

 A point of potential receptor contact with the medium 

 A human exposure route at the contact point (e.g., inhalation, ingestion, dermal 
contact) 

Current and potential future site uses and potential receptors (i.e., people who may 
contact impacted environmental media of interest) are then identified, and potential 
exposure scenarios appropriate to current and potential future site uses and receptors 
are developed (USEPA 1989b). Those potential exposure pathways for which COPCs 
are identified and judged to be complete will be evaluated quantitatively in the risk 
assessment. Figure 3-1 presents the preliminary human health CSM for the LPRSA.  

 

 
21 The sources (including historical and ongoing) and mechanisms for chemical transport will be 

defined as part of the physical CSM of the entire LPRSA that is currently being prepared by CPG.  
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Figure 3-1. Preliminary human health CSM 
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The human health CSM takes into account the site setting and uses; the physical 
characteristics of the river; and the potential sources, transport mechanisms, routes of 
human exposure, and human receptors. The preliminary CSM for the LPRSA, 
including potential sources, release mechanisms, and affected media, was discussed in 
the PFD (Windward and AECOM 2009). The site setting and uses, potential receptors, 
and potentially complete exposure pathways were also described in the PFD and are 
summarized below. 

3.3.1.1 Site setting and uses 
The LPRSA watershed consists of over 100 square miles of a highly developed urban 
area located in portions of four counties in northeastern New Jersey (i.e., Passaic, 
Bergen, Essex, and Hudson Counties) (see Figure 3-2). These counties had a combined 
estimated population of 2.8 million people in 2006, with an average density of 4,700 
people per square mile (US Census Bureau 2007). The City of Newark, with an 
estimated population of 280,400 in 2006 (US Census Bureau 2007), is located on the 
western bank of the LPRSA, near Newark Bay. Land use within the LPRSA varies 
widely and is a mix of residential, recreational, commercial, and industrial, as well as 
typical urban infrastructure, including highway, rail, and bridges. The river is not 
used as a source of drinking water or commercial water supply.  

The New Jersey Administrative Code (NJAC) Surface Water Quality Standards 
classifications for the Passaic River designate the following uses:  

 Mouth of river to Second River (RM 0 to RM 8) is classified as saline-estuarine 3 
(SE3). Designated use for SE3 water includes secondary contact recreation 
(recreational activities during which the probability of water ingestion is 
minimal; includes, but is not limited to, boating and fishing). 

 Second River to Dundee Dam (RM 8 to RM 17.4) is classified as freshwater 2 
non-trout (FW2-NT) and saline-estuarine 2 (SE2). Designated use for FW2-NT 
and SE2 water includes secondary contact recreation (e.g., boating and fishing). 
Designated use for FW2-NT water also includes primary contact recreation 
(recreational activities that involve significant ingestion risks; includes, but is 
not limited to, wading, swimming, diving, surfing, and water skiing). 

Many municipalities and counties along the LPR have published master plans that call 
for the expansion and improvement of parks and open space along the river, which, if 
implemented, will lead to greater access to the river and improved ecological habitat 
in the future (City of Newark 2010; City of Newark et al. 2004; Clarke Caton Hintz and 
Ehrenkrantz Eckstut & Kuhn 1999, 2004; Heyer Gruel 2002, 2003; Borough of 
Rutherford and CMX 2007). In accordance with USEPA guidance (USEPA 1995), 
comprehensive community master plans are a valuable source of information for 
determining reasonably anticipated future land use.
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The shoreline is covered with bulkhead or riprap throughout most of the lower 7 miles 
and along much of the western bank up to RM 15. Access to the river from RM 7.5 to 
RM 13.5 along the western bank is restricted by both the presence of Route 21, a major 
four-lane highway that runs parallel to the river, and the steeper slopes along this side 
of the river. Stretches of vegetated shoreline are present along the eastern bank from 
RM 7 up to Dundee Dam at RM 17.4. Adjacent land use is predominantly industrial in 
the lower river miles (near Newark Bay) and starts to include more commercial, 
residential, and recreational uses around RM 4, with the locations of Riverbank and 
Minish Parks. Land use is increasingly residential and recreational above RM 8. 
Several parks and boathouses are located along the eastern shoreline between RM 7 
and RM 14. Boating occurs on the LPRSA, including commercial boat traffic in the 
Lower River Segment, and small pleasure boating, sculling/crew, kayaking, and 
canoeing, primarily in the Middle and Upper River Segments.  

The sale of fish and shellfish originating from the entire 17.4-mile LPRSA (from 
Newark Bay to Dundee Dam) is currently prohibited by the state of New Jersey 
(NJDEP and NJDHSS 2010) and has been since the 1980s. In addition, there is a fish 
consumption advisory designed to warn the public against consumption of all fish and 
crab from the LPRSA (NJDEP and NJDHSS 2010). However, despite the presence of 
this fish advisory, recreational fishing has been observed, and a small percentage of 
observed anglers reported consuming their catch based on angler surveys conducted 
in the study area (Desvousges et al. 2001; NJDEP 1995). It should be noted that no 
anglers surveyed during a 2000-2001 angler survey reported consuming crab 
(Desvousges et al. 2001). The NJDEP (1995) survey of anglers/crabbers of the Newark 
Bay Complex identified a single LPR angler who reportedly consumed crab. A 1999 
angler survey of the Newark Bay Complex found 110 people who reported consuming 
only crab, and 33 people who reported consuming both fish and crab (Burger 2002). 
This latter survey did not include locations on the LPR (Burger 2010). These surveys 
indicate that consumption of fish and/or crab by LPRSA anglers is limited.  

Land use and shoreline features in the LPRSA are shown in Figure 3-3. Figures 3-4 
through 3-13 present photographs from throughout the LPRSA. Brief descriptions of 
the three river segments identified in Section 3.1 are presented below. As previously 
noted, the delineation of the three river segments is based on salinity, although the 
general characteristics of these three segments differ as described below. As discussed 
in Section 3.3.5.1, segmentation of exposure areas for the receptor scenarios will be 
identified after all relevant site data have been collected and analyzed. Identification of 
appropriate exposure areas will be based on human exposure considerations, 
including land and waterway use, access, shoreline characteristics, and the types of 
human activities that occur.  



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717

n|

n|

m

n|
m#*

#*

#*

DISMANTLED
BRIDGE

LINCOLN
HIGHWAY
BRIDGE

PULASKI
SKYWAY
BRIDGE

I95
BRIDGE

POINT-NO-POINT
BRIDGE

Passaic Valley
Sewerage

Comm. Dock
72

66

63

Newark city

Kearny town

Jersey City city

Harrison town

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River mile 0.0 to 3.5

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3a

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle

lindac
Typewritten Text

lindac
Typewritten Text

lindac
Typewritten Text



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717

n|

n|

m

m

m

#*

#*

#*

#*

#*

#*

#*

#*

Homeless
Camp

Homeless
Camp

JACKSON
STREET
BRIDGE

AMTRAK
BRIDGE

BRIDGE
STREET
BRIDGE

I-280
STICKLE
BRIDGE

CLAY
STREET
BRIDGE

FOURTH
AVENUE
BRIDGE

(NEWARK-HARRISON)
ERIE SWING BRIDGE

Pathmark
Parking Lot

Kearny
Boat

Launch

Private
Boat Dock

87

51

49

48

45

41

40

37

Newark city

Kearny town

Harrison town

East Newark borough

Minish Park

Riverbank Park

Kearny Park

Riverfront Stadium

Baseball Field

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River mile 3.5 to 7.0

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3b

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle

lindac
Typewritten Text

lindac
Typewritten Text

lindac
Typewritten Text

lindac
Typewritten Text



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717

n|

n|

n|

n|

n|

n|

m

m

n|

[¡

n|

m

m

m

m

#*

#*

#*

#*

#*

#*

#*

#*

#*

Homeless
Camp

WEST ARLINGTON
STREET BRIDGE

BELLEVILLE
(RTE 7)
BRIDGE

DEJESSE-AVONDALE
STREET BRIDGE

Kearny
Boat

Launch

Rapp's
Boat Yard

Kearney
HS Crew

Floating Dock

Firehouse
Boat Launch

Lyndhurst
Boat Launch

Passaic River
Rowing Assoc.

Boathouse and Dock

Nutley
Boat

Launch

Private
Boat Dock

96

32

28

143

140

139
138

135

SECOND RIVER   

THIRD RIVER    

Belleville township

Newark city

Kearny town

North Arlington borough

Lyndhurst township
Nutley township

Riverside County Park

Riverbank Park

Baseball Field

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River mile 7.5 to 10.0

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3c

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle

lindac
Typewritten Text

lindac
Typewritten Text



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717

n|

n|

n|

n|

n|

m

m

m
m

n|

[¡

m#*

#*

Homeless
Camp

DEJESSE-AVONDALE
STREET BRIDGE

LYNDHURST-DELAWARE
RAIL BRIDGE

RUTHERFORD
AVENUE-RTE
3 BRIDGE

UNION
AVENUE
BRIDGE

Passaic River
Rowing Assoc.

Boathouse and Dock

Nutley
Boat

Launch

Boat
Launch

Montclair College
Boathouse
and Dock

Nereid
Boat Club

CPG Dock

6

22

THIRD RIVER    

TH
IR

D 
RI

VE
R 

   

Clifton city

Nutley township

Rutherford borough

Lyndhurst township

Passaic city
East Rutherford borough

Lyndt Park

Rutherford Memorial Park

Riverside County Park

Monsignor Owns Park

Father Glotzbach Park

Schevchenko Park

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River mile 10.5 to 13.0

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3d

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717

n|

n|

n|

n|

m
n|

[¡

n|

m
m

m

m

m

m

m

[¡
m

#*

#*

#*

#*

#*

#*

#*

#*

Dundee Dam

Homeless
Camp

Homeless
Camp

Homeless
Camp

UNION
AVENUE
BRIDGE

MAIN
STREET
BRIDGE

WALLINGTON
STREET
BRIDGE

WEST 8TH
STREET
BRIDGE

GARFIELD-WALL
STREET BRIDGE

MONROE
STREET
BRIDGE

RAILROAD
BRIDGE

CPG Dock

Boat
Ramp

Pulaski
Park Boat
Launch

146

145

117

115

112

111

110

Passaic city

Garfield city

Clifton city

Wallington borough

Lodi borough

Wood-Ridge borough

East Rutherford borough
Carlstadt borough

Rutherford borough

Nash Park

Pulaski Park

Rutherford Memorial Park

Passaic Stadium

Wallington H.S. & Athletic Fields

Memorial Park

Schevchenko Park

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River mile 13.5 to 17.0

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3e

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle



0

0.5

1

1.5

2

2.53

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

13.5

14

14
.5

15

15.5

16

16.5

1717[¡
m#*

#*

Dundee Dam

Homeless
Camp

Homeless
Camp

RAILROAD
BRIDGE

146

145

Paterson city
Elmwood Park borough

Clifton city Garfield city

Saddle Brook township

Fair Lawn borough

East Side Park

Nash Park

Gilbert Ave School & Athletic Fields

Kent Village Park

J:\Water\ProjectFiles\P120\12182_Passaic\Data\GIS\Tasks\RiskAssessment\LU_2010_1_Mile_Mapsheets_Figure3_3.mxd

0 0.25 0.50.125
Miles

Z
August 2011

Land Use: NJDEP, 2007Passaic River Above Dundee Dam

LPRSA Land Use and Shoreline Features
NOTES: Shoreline type was estimated based on 2010 habitat survey 
field observations and photo documentation.
Potentially accessible sediment between RM 15 and Dundee Dam
estimated from CPG aerial photography (2007) 
and groundtruthed during 2010 habitat survey. Draft

Figure 3-3f

Coordinate System: NJ State Plane, Feet

Shoreline Type

Land Use 2007

RipRap/Stone
Sheet Pile/Bulkhead
Potentially Accessible Sediment (> -2 MLW below RM 15)

Natural/Vegetated

INDUSTRIAL/COMMERCIAL/URBAN
RESIDENTIAL
RECREATIONAL/OPEN SPACE
INFRASTRUCTURE
WETLANDS
WATER

Legend

Passaic River 
Centerline (miles)
Potential Access to Shorem
Boat Dock/Launchn|
Fishing Observed[¡

#
2010 Habitat Survey 
Waypoint

lindac
Rectangle

lindac
Typewritten Text



 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
78 

 

 
Note: Newark is on the left (western bank), and Kearny is on the right (eastern bank); area is the site of active or 

historical industry with limited shoreline access. 

Figure 3-4. Looking upriver at approximately at RM 0.7 

 

 

 

Figure 3-5. Looking upriver from Newark across to the Kearny Landfill at 
approximately RM 2.7 
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Figure 3-6. Looking downriver with Harrison in the foreground and Newark 

across the river, extending from approximately RM 4.1 on the right 
to the New Jersey Turnpike bridge on the left at approximately 
RM 2.4 

 
 

 
Figure 3-7. Looking west from Kearny across to the shoreline of the northern 

portion of Newark at approximately RM 7.1 
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Figure 3-8. Two aerial views (from different perspectives) of Riverside County 

Park in Lyndhurst, South Arlington, at approximately RM 9.6 

 
 

 
Figure 3-9. Looking downriver from the Park Avenue/Kingsland Avenue bridge 

at approximately RM 10.2 

Note: Arlington is on the left (eastern bank), and Nutley 
is on the right (western bank). Shoreline is covered with 
bulkhead or riprap with a narrow fringe of vegetation. 
Scullers are shown in the inset photograph. 
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Figure 3-10. Lyndt Park and Joseph A. Canucci, Jr., area in Lyndhurst at 

approximately RM 10.8 to RM 11.7 

 

 

 
Figure 3-11. Passaic River Rowing Association Dock (left [western bank], at 

approximately RM 10) and Nereid Boathouse (right [eastern bank], 
at approximately RM 12) 
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Figure 3-12. Residences between approximately RM 12 and RM 12.5 on the right 

(eastern) bank  

 
Note: This area contains highly channelized flow with steep banks and a narrow fringe of vegetation. 

Figure 3-13. Looking upstream at approximately RM 14.1 with Passaic on the left 
(western) bank and Wallington on the right (eastern) bank 

Lower River Segment 

The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is 
characterized as predominantly industrial in the lower river miles (near Newark Bay) 
and starts to become more commercial, residential, and recreational near RM 4. The 
western/southern side of the river is characterized by high-density urban 
development (the City of Newark). The shoreline along this stretch of the river 
consists mainly of active or abandoned industrial areas up to RM 4 but then starts to 
include more thin strips of park land abutting the river as land use starts to become 
more commercial, residential, and recreational. The shoreline along this stretch of the 
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river consists of active or abandoned industrial areas up to RM 4 but then transitions 
to thin strips of park land that abut the river as land use becomes more commercial 
and residential. Although there are some mudflat areas along both sides of this river 
segment, much of the shoreline contains bulkheads, and large areas are bordered by 
vertical sheet metal piling and/or railroad ties, making it difficult to access the river. 
Many areas of the riverbank sit above the river with vertical or steep access to the 
water. Swimming or wading along much of the lower 7 miles is limited by the 
characteristics of the shoreline, the commercial and industrial properties along the 
river, commercial boat traffic in the lower 1.2 miles, and limited public access; 
however, recreational boating has been observed in this stretch of the river. Fishing 
has been observed in this segment (Desvousges et al. 2001), although not extensively 
because of the limited access and industrialized nature of the area. Evidence of 
homeless camps has been observed during CPG field work and site reconnaissance 
activities in this segment. 

In recent years, the City of Newark has focused on building parks along the southern 
shore between RM 3.5 and RM 5.5 (e.g., Minish Park, Riverbank Park, and parks near 
the New Jersey Performing Arts Center). The shift in the use of the waterfront, with 
increased public access and recreational use, will be upstream of Sherwin Williams 
(approximately at RM 3.6) (City of Newark 2010). RM 0 to RM 2 will remain active for 
commercial use into the future, and the stretch from RM 2 to RM 3.6 will likely be 
developed into Portfields/Brownfields. 

Middle River Segment 

The Middle River Segment (preliminarily defined as RM 6 to RM 10 based on salinity) 
is a transitional zone in terms of land use and is composed of a mixture of industrial, 
commercial, and residential areas and public parks. The Passaic River Rowing 
Association boathouse is located at approximately RM 10. Access to the river along the 
western bank is restricted by Route 21 and the steeper slopes along that side of the 
river. Access to the eastern shoreline increases in sections of the Middle River Segment 
because of the presence of parks and residential areas, boat ramps, and other boating 
facilities, as well as exposed mudflat areas. The river in this segment is also narrower 
and shallower than in the Lower River Segment, and the types of boats and extent of 
boat traffic in this stretch of the river are limited by the navigable depths. The Middle 
River Segment is more accessible to wading and/or swimming than is the Lower 
River Segment. Fishing has been observed in this segment. Municipalities, particularly 
those along the eastern bank, have published master plans that call for the expansion 
and improvement of parks and open space along the river, which, if implemented, will 
lead to greater access to the river and improved ecological habitat in the future (Heyer 
Gruel 2002). 
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Upper River Segment 

The Upper River Segment (preliminarily defined as RM 10 to the Dundee Dam) 
transitions, with increasing distance upriver, from a mixture of industrial, commercial, 
and some residential areas and public parks to more residential areas, compared with 
other sections of the river. The Upper River Segment is the most residential and 
recreational segment of the river. River access along much of the western bank in this 
segment continues to be restricted by the presence of Route 21, steep slopes, and 
bulkheaded shoreline. Pockets of residential areas directly abutting the river are 
situated along the eastern bank. Boat clubs, parks, and several small, private boat 
docks are present in this segment of the river, predominantly on the eastern bank. The 
Nereid Boat Club is located at approximately RM 12. The river becomes narrower, 
shallower, more residential, and less densely populated in this segment, relative to the 
Lower and Middle River Segments. Recreational boats in the Upper River Segment are 
limited only by the water’s depth and width. There is residential access to the river as 
a result of the direct river frontage of some homes. The Dundee Dam is a barrier for 
the tidal movement of water and creates a man-made “head of tide.” Fishing has been 
observed at locations in the Upper River Segment, including near Dundee Dam. 
Evidence of the presence of homeless individuals has also been observed in this 
segment. Municipalities, particularly those along the eastern bank, have published 
master plans that call for the expansion and improvement of parks and open space 
along the river which, if implemented, will lead to greater access to the river and 
improved ecological habitat in the future (Borough of Rutherford and CMX 2007). 

3.3.1.2 Potentially affected media 
As described in the PFD (Windward and AECOM 2009), the media of interest relevant 
to evaluating potential human health exposures for the LPRSA are:  

 River surface water  

 Nearshore river sediment  

 Mudflat sediment  

 Fish tissue  

 Shellfish tissue  

3.3.2 Identification of potential exposure scenarios 
The human health CSM forms the basis for the development of exposure scenarios for 
a site. The preliminary human health CSM presented above describes the physical 
setting, demography, and land uses in the LPRSA, and potentially affected media. 
This section discusses the potentially exposed populations and the pathways by which 
people may be exposed to site media. Based on the preliminary CSM, the 
receptor/exposure scenarios for the LPRSA are presented in Table 3-1 and 
summarized below. At the direction of USEPA Region 2, an additional receptor 
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(worker) not identified in the PFD has been included as a potential receptor, and the 
resident receptor will be evaluated qualitatively in the risk assessment. As additional 
information is collected throughout the RI/FS process, the human health CSM will be 
updated, as necessary, and resulting changes will be documented.  

 Current and future recreational anglers (adult, adolescent, and young child 
age groups) will be evaluated for potential exposure to COPCs via:  

 Consumption of LPRSA fish and/or shellfish  

 Direct contact with nearshore river and mudflat surface sediment and 
surface water (adolescent and adult only) 

 Inhalation of COPCs that may volatilize into outdoor air from exposed 
mudflat sediment and/or surface water, if warranted based on a screening 
assessment of this potential exposure pathway (adolescent and adult only) 

 Current and future waders, swimmers, and boaters (adult, adolescent, and 
young child age groups) will each be evaluated for potential exposure to 
COPCs via:  

 Direct contact with nearshore river and mudflat surface sediment and 
surface water 

  Inhalation of COPCs that may volatilize into outdoor air from exposed 
mudflat sediment and/or surface water, if warranted based on a screening 
assessment of this potential exposure pathway 

 Current and future worker (adult) will be evaluated for potential exposure to 
COPCs via: 

 Direct contact with nearshore river and mudflat sediment 

Table 3-1. Exposure media and pathways for 
potential receptors 

Medium Pathway 
Recreational Angler  

River sedimenta 
incidental ingestion 

dermal contact 

Mudflat sediment 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Surface water 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Fish tissue fish/crab ingestion 



 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
86 

 

Table 3-1. Exposure media and pathways for 
potential receptors 

Medium Pathway 
Wader  

River sedimenta 
incidental ingestion 

dermal contact 

Mudflat sediment 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Surface water 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Swimmer  

River sedimenta 
incidental ingestion 

dermal contact 

Mudflat sediment 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Surface water 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Boater  

River sedimenta 
incidental ingestion 

dermal contact 

Mudflat sediment 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Surface water 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Worker  

River sedimenta 
incidental ingestion 

dermal contact 

Mudflat sediment 

inhalation of volatiles (outdoor air)b 

incidental ingestion 

dermal contact 

Note: With the exception of the worker scenario, adult, adolescent, and young child age groups will be considered 
for each scenario. 
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a Per the PFD (Windward and AECOM 2009), river sediment is defined as nearshore sediment under 2 ft of 
water or less at MLW. 

b Inhalation exposure to organic COPCs volatilizing from mudflat sediment and surface water is anticipated to be 
a negligible exposure pathway for receptor scenarios, especially those of limited duration, and may not warrant 
quantitative evaluation. The approach for evaluating site data to assess the flux of organic COPCs into ambient 
air, and the significance of the pathway, is described in Section 3.3.5. 

COPC – chemical of potential concern 
MLW – mean low water 

PFD – problem formation document  
USEPA – US Environmental Protection Agency 

 
Transient people and homeless camps have been observed at various locations along 
the LPRSA (see Figure 3-3). Homeless individuals may be exposed to river sediment 
and river surface water, as well as outfall effluent and sediment (i.e., from ongoing 
CSOs, stormwater outfalls [SWOs], and other permitted outfall discharges) via 
incidental ingestion and dermal contact. Homeless individuals may also ingest fish or 
crab from the LPRSA. Evaluating risks and hazards to a transient population 
quantitatively is difficult because of the high uncertainty associated with these 
exposures. There is a lack of specific information on the exposure patterns for this 
population, and it is difficult to collect exposure information, so the homeless receptor 
will be addressed qualitatively in the uncertainty section of the risk assessment 
(Windward and AECOM 2009). The qualitative evaluation will help inform the full 
evaluation of the exposed groups without collecting information that may be 
unnecessarily invasive of individual privacy.  

3.3.3 Quantification of potential exposures 
To estimate human health risk from COPCs at the site, it is necessary to estimate the 
potential exposure dose for each COPC. The exposure dose is estimated for each 
COPC for each exposure pathway by which the receptor is assumed to be exposed. 
Exposure dose equations combine the estimates of COPC concentrations in the 
environmental medium of interest with assumptions regarding the type and 
magnitude of each receptor's potential exposure to provide a numerical estimate of the 
exposure dose. The exposure dose is defined as the amount of COPC taken into the 
receptor and is expressed in units of milligrams of COPC per kilogram of body weight 
per day (mg/kg-day) (USEPA 1989b).  

Exposure doses are defined differently for potential carcinogenic and 
non-carcinogenic effects. The chronic daily intake is used to estimate a receptor’s 
potential average daily dose from exposure to a COPC with non-carcinogenic effects. 
According to USEPA (1989b), the chronic daily intake should be calculated by 
averaging the exposure dose over the period of time for which the receptor is assumed 
to be exposed. Therefore, the averaging period is the same as the exposure duration 
(ED). For COPCs with potential carcinogenic effects, however, the chronic daily intake 
is calculated by averaging the exposure dose over the receptor’s assumed lifetime 
(70 years). Therefore, the averaging period is the same as the receptor’s assumed 
lifetime. The standardized equations for estimating a receptor’s intake (both chronic 
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and lifetime) are presented below. Receptor- and chemical-specific parameters are 
discussed in Section 3.3.4. 

3.3.3.1 Estimating potential exposure to COPCs in sediment 
Both incidental ingestion of, and dermal contact with, COPCs in sediment are 
assumed to occur for one or more receptors. For receptors with only occasional and 
limited exposures to sediment, these are typically minor exposure pathways. The 
following equations are used to calculate the estimated exposures (USEPA 1989b, 
2004b). 

Intake (lifetime and chronic) following incidental ingestion of sediment (mg/kg-day): 

 
ATBW

CFAAFEDEFFIIRCS
Intake oS

×
××××××

=  Equation 3-1 

where: 
Intake = intake (mg/kg-day) 
CS = sediment concentration (mg/kg sediment) 
IRS = ingestion rate of sediment (mg sediment/day) 
FI = fraction ingested from LPRSA (unitless) 
EF = exposure frequency (days/year) 
ED = exposure duration (year) 
AAFo = oral sediment absorption adjustment factor (chemical-specific) 

(unitless) 
CF = unit conversion factor (kg sediment /106 mg sediment) 
BW = body weight (kg) 
AT = averaging time (days) 

 

Intake (lifetime and chronic) following dermal contact with sediment (mg/kg-day): 

 
ATBW

CFDAFEDEFFIAFSACSIntake
×

×××××××
=  Equation 3-2 

where: 
Intake = intake (mg/kg-day) 
CS = sediment concentration (mg/kg sediment) 
SA = exposed skin surface area (cm2/day) 
AF = sediment to skin adherence factor (mg sediment/cm2) 
FI = fraction ingested from LPRSA (unitless) 
EF = exposure frequency (days/year) 
ED = exposure duration (year) 
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DAF = dermal absorption factor (chemical-specific) (unitless) 
CF = unit conversion factor (kg sediment /106 mg sediment) 
BW = body weight (kg) 
AT = averaging time (days) 

The derivation of an absorption adjustment factor (AAF) that differs from the default 
for any site-related contaminant will be submitted to USEPA for review and approval 
prior to use of the AAF. 

3.3.3.2 Estimating potential exposure to COPCs via inhalation 
Inhalation exposure to volatile and/or semivolatile organic COPCs migrating from 
exposed mudflat sediment or river surface water to outdoor air is a potentially 
complete exposure pathway. Based on prior evaluations of this pathway at other 
sediment sites, windblown dispersion and dilution of vapors that migrate from 
exposed mudflat sediment or surface water to outdoor air are expected to reduce 
airborne concentrations of COPCs to negligible levels. Further, inhalation exposure to 
site-related COPCs that volatilize into outdoor air is anticipated to be negligible for 
receptors whose exposures are limited in duration (e.g., recreators). The approach for 
estimating outdoor air concentrations and evaluating the significance of this potential 
exposure pathway is discussed in Appendix E. The equation used to estimate 
exposure to COPCs via inhalation is as follows (USEPA 2009a):  

Intake (lifetime and chronic) following inhalation of ambient air is expressed as an EC 
(mg/m3): 

 
AT

EDEFETCAEC ×××
=  Equation 3-3 

where: 

EC = exposure concentration (mg/m3) 
CA = ambient air concentration (mg/m3) 
ET = exposure time (hours/day) 
EF = exposure frequency (days/year) 
ED = exposure duration (year) 
AT = averaging time (hours) 

3.3.3.3 Estimating potential exposure to COPCs via surface water 
Both incidental ingestion of, and dermal contact with, COPCs in surface water are 
assumed to occur for one or more receptors. For receptors with only occasional and 
limited exposures to surface water, these are typically minor exposure pathways. The 
following equations are used to calculate the estimated exposures (USEPA 1989b, 
2004b). 
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Intake (lifetime and chronic) following incidental ingestion of surface water 
(mg/kg-day):  

 
ATBW

AAFEDEFETIRCW
Intake oW

×
×××××

=  Equation 3-4 

where: 
Intake = intake (mg/kg-day) 
CW = water concentration (mg/L) 
IRW = ingestion rate of water (L/day) 
ET = exposure time (hr/day) 
EF = exposure frequency (days/year) 
ED = exposure duration (year) 
AAFo = oral water absorption adjustment factor (chemical-specific) 

(unitless) 
BW = body weight (kg) 
AT = averaging time (days) 

Calculation of the dose from dermal exposure to surface water will follow USEPA 
guidance (2004b), which differentiates between organic and inorganic chemicals, as 
presented below. The following equations will be used to estimate the dermally 
absorbed dose following dermal contact with surface water:  

Dermally absorbed dose (lifetime and chronic) following dermal contact with surface 
water (mg/kg-day): 

 
ATBW

SAEDEFDADAD event

×
×××

=  Equation 3-5 

where: 
DAD = dermally absorbed dose (mg/kg-day) 
DAevent = absorbed dose per event (mg/cm2-event) 
SA = body surface area (cm2) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (years) 

 

The calculation of the dose absorbed per unit area per event (DAevent) is as follows for 
inorganics or highly ionized organics: 

 CFETPC = CWDAevent ×××  Equation 3-6 
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where: 
DAevent = absorbed dose per event (mg/cm2-event) 
CW = concentration in water (mg/L) 
PC = permeability constant (cm/hr) 
ET = exposure time (hr/event) 
CF = conversion factor (L/1000 cm3) 

The calculation of DAevent is as follows for organics: 

If ET < t*, then: 
π

ETT6CFCWPCFA2DAevent
×

×××=  Equation 3-7a 

If ET > t*, then:  






















+

++
+

+
××××=
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Equation 3-7b 

where: 
DAevent = absorbed dose per event (mg/cm2-event) 
FA = fraction absorbed water (dimensionless) 
PC = permeability constant (cm/hour) 
CW = concentration in water (mg/L) 
T = lag time per event (hr/event) 
ET = exposure time (hr/event) 
t* = time to steady state (hr) = 2.4t 
B = dimensionless ratio of the PC of a chemical through the 

stratum corneum relative to its permeability constant across 
the viable epidermis 

CF = conversion factor (l L/1000 cm3) 

3.3.3.4 Estimating potential exposure via fish/shellfish ingestion 
The recreational angler may be exposed to COPCs through ingestion of fish/shellfish 
obtained from the LPRSA. The equation used to estimate a receptor's potential 
exposure via fish/shellfish consumption is (USEPA 1989b): 

Intake (lifetime and chronic) following fish/shellfish consumption (mg/kg-day):  

 
BWAT

EDEFAAF)Loss1(FIIRC
Intake otiss

×
×××−×××

=   Equation 3-8 

where: 
Intake = intake (mg/kg-day) 
Ctiss = concentration in fish/shellfish (mg/kg) 
IR = ingestion rate (kg/day) 
FI = fraction ingested from LPRSA 
Loss = preparation/cooking loss (unitless) 
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AAFo = oral diet absorption adjustment factor (chemical-specific) (unitless) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
AT = averaging time (days) 
BW = body weight (kg) 

3.3.4 Receptor- and chemical-specific exposure parameters 
This section identifies the receptor- and chemical-specific exposure parameters that 
will be used to evaluate the potential receptors in the baseline HHRA. Both reasonable 
maximum exposure (RME) and central tendency exposure (CTE) scenarios will be 
evaluated. The RME represents the 90% or higher end of exposure consistent with the 
1992 exposure assessment guidelines (USEPA 1992b). As stated in the Risk Assessment 
Guidance for Superfund (RAGS) Part A (USEPA 1989b), “Actions at Superfund sites 
should be based on an estimate of the reasonable maximum exposure (RME) expected 
to occur under both current and future land-use conditions. The reasonable maximum 
exposure is defined here as the highest exposure that is reasonably expected to occur 
at a site. RMEs are estimated for individual pathways.” It is not appropriate to set all 
RME exposure factor inputs to upper-percentile values, inasmuch as the resulting 
exposure estimates may exceed RMEs for the population of interest (USEPA 2004a). 
The intent of the RME is to estimate a conservative exposure case that is above the 
average case but still within the range of possible exposures (USEPA 1989b, 1992b). 
The CTE uses average exposure parameters to calculate the average exposure of an 
individual. Both RME and CTE analyses will be presented for each exposure scenario. 
The purpose of evaluating an RME and a CTE scenario in the baseline HHRA is to 
provide risk managers and stakeholders with an estimate of the range of risks from 
average to upper-bound. 

The values to be used for each of the RME and CTE exposure parameters are those 
that USEPA Region 2 directed CPG to use, with the exception that, at CPG’s 
recommendation, USEPA revised the sediment dermal adherence factor for children 
and adolescents, and the body surface areas for dermal contact with sediment for 
adult, adolescent, and child swimmers.22 All of USEPA’s directions are consistent with 
USEPA guidance, practices, and policies for conducting risk assessments. These values 
are presented in this Revised RARC Plan. On September 10, 2010, USEPA Region 2 
provided comments on CPG’s Draft RARC Plan. USEPA’s comments included specific 
scenarios and exposure parameter values to be used in the baseline HHRA. The 
exposure pathways, receptors, and parameter values were provided in tabular form 
following Risk Assessment Guidance for Superfund (RAGS) Part D format (USEPA 2001c). 

 
22 USEPA’s revised values were provided to CPG in a February 10, 2011, technical memorandum, 

Revision to Exposure Parameters Assumptions for the LPRSA Human Health Risk Assessment, which 
accompanied USEPA’s February 10, 2011, Responses to CPG Summary of December 16, 2010, Meeting 
with USEPA on Human Health Risk Assessment.  
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These tabulated scenarios and parameter values are included as Appendix D of this 
plan.  

In accordance with USEPA guidance (USEPA 1989b, 2001b), the scenarios and 
exposure parameter assumptions are intended to capture exposures under both 
current and future site conditions. All of the exposure pathways are currently 
complete. While expected improvements to the river and shoreline will likely increase 
the number of individuals who use the river, the exposure frequency and duration for 
some individuals who already use the river will not likely increase. Accordingly, the 
use of combined current/future exposure assumptions is appropriate.  

A description of each receptor to be evaluated in the baseline HHRA is provided 
below, followed by discussions of receptor- and chemical-specific exposure 
parameters.  

3.3.4.1 Recreational angler 
Recreational angler receptors are defined as those individuals who consume self-
caught fish and/or shellfish from the LPRSA in spite of the “eat none” fish/crab 
consumption advisories (NJDEP and NJDHSS 2010). Adults and adolescents ( 7 to 
18 years old) are expected to participate in angling for fish and/or crab. These anglers 
are assumed to share self-caught fish and/or crab with family members (i.e., young 
children 1 to 6 years of age). An evaluation of subsistence fishing is not proposed 
because there is no evidence of individuals who rely solely on their daily catch. 
Anglers would be exposed to contaminants in fish and/or crab from ingestion. 

Anglers could fish from a variety of locations along the shoreline, including 
bulkheads, bridges, boats, mudflats, and park land. Anglers are not expected to 
contact surface water or sediment on days when they fish from bulkheads or bridges. 
However, on days when anglers fish from areas such as mudflats or park land, they 
may be exposed to contaminants in sediment and surface water. Anglers have been 
observed to wade in the Passaic River while fishing (Nereid Boat Club 2010, USEPA 
2010). Although young children are expected to ingest fish or crab caught by the adult 
or adolescent angler, they are expected to rarely accompany the family member who is 
fishing. Exposures would be much less than those experienced by children who visit 
the river specifically to wade or swim. Therefore, the exposure of a young child angler 
to sediment and surface water is not evaluated under the angling scenario. 

Therefore, it is assumed that the current/future recreational angler receptor may be 
exposed to COPCs while fishing via: 

 Consumption of fish and/or crab 

 Direct contact (incidental ingestion and dermal contact) with nearshore river 
and mudflat surface sediment  

 Direct contact (incidental ingestion and dermal contact) with river surface 
water 
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 Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat 
sediment and/or surface water 

3.3.4.2 Swimmer 
It is assumed that recreational users of the LPRSA may occasionally engage in 
swimming in the river. Recreational swimmers include children (1 to 6 years), 
adolescents (7 to 18 years), and adults (> 18 years). Given the visible deterrents to 
swimming along large sections of the river, including the presence of trash and debris, 
and the generally urban setting of the river, the exposure frequency and duration for 
swimming is assumed to be relatively low, both currently and in the future. To be 
clear, the number of exposed individuals will likely increase as improvements to the 
shoreline and river are made, but the exposure frequency and duration for some 
individuals who already engage in this scenario are not likely to increase. It is 
assumed that the current/future swimmer may be exposed to COPCs in sediment and 
surface water while swimming via: 

 Direct contact (i.e., incidental ingestion and dermal contact) with nearshore 
river and mudflat surface sediment 

 Direct contact (i.e., incidental ingestion and dermal contact) with river surface 
water 

 Inhalation of COPCs that may volatize into outdoor air from exposed mudflat 
sediment and/or surface water 

Note that swimming is included in New Jersey’s designated uses of the freshwater 
portion of the river (from the confluence with Second River to Dundee Dam [RM 8 to 
RM 17]), where the water has a classification of FW2-NT/SE2, though this stretch of 
the river frequently does not meet the standards associated with this classification. 
While the lower portion of the river is not currently classified as suitable for 
swimming, New Jersey can change the classification as conditions warrant. The 
applicability of the swimming scenario throughout the LPRSA will be evaluated as 
part of the risk assessment, as discussed in Section 3.3.5 of this report.  

3.3.4.3 Wader 
It is assumed that recreational users of the LPRSA may engage in wading along the 
river’s edge. Waders include children (1 to 6 years), adolescents (7 to 18 years), and 
adults (> 18 years). It is also assumed that the current/future wader may be exposed 
to COPCs in sediment and surface water while wading in the river via:  

 Direct contact (incidental ingestion and dermal contact) with nearshore river 
and mudflat surface sediment  

 Direct contact (incidental ingestion and dermal contact) with river surface 
water 
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 Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat 
sediment and/or surface water 

As with swimming exposures, the likelihood and frequency of wading exposures are 
expected to differ depending on the location in the river. The applicability of the 
wading scenario throughout the LPRSA will be evaluated as part of the risk 
assessment, as discussed in Section 3.3.5 of this report. 

3.3.4.4 Boater 
A variety of boating activities occur on the LPRSA, including commercial boat traffic 
in the Lower River Segment, and pleasure boating, sculling/crew, kayaking, and 
canoeing, primarily in the Middle and Upper River Segments. Boaters include older 
children (7 to 13 years), teens (14 to 18 years), and adults (> 18 years). Although 
children 7 to 13 years old are too young for team rowing, children within this age 
group may participate in recreational boating activities such as canoeing or kayaking. 
Young children (< 7 years old) are not expected to participate in boating activities on 
the river; any such exposure would be rare and much less than that experienced by 
children visiting the river specifically to wade or swim. Therefore, a young child 
boater scenario is not evaluated. It is assumed that the boater’s potential for exposure 
to river sediment and surface water is greatest while boating in small craft such as 
sculls, kayaks, or canoes. Several local boat clubs, high school crew teams, and rowing 
associations use the river for sculling. Most of the boathouses are located between 
RM 8.5 and RM 12.5, although rowing occurs as far downriver as RM 4 and as far 
upriver as RM 16 (Nereid Boat Club 2010; Passaic River Rowing Association 2010). The 
sculling season runs from early spring through late fall, with spring and fall seasons 
for school teams. Scullers typically wear spandex suits during most of the season 
(Nereid Boat Club 2010). In colder weather, they may also wear long sleeves, pants, 
gloves, and hats. Pleasure boaters would not be expected to have such protective 
clothing or to adhere to specific rules. In addition, boaters get wet from the splashing 
of oars, rough water, and wakes made by powerboats (Nereid Boat Club 2010; Passaic 
River Rowing Association 2010). Sculls are boarded from floating docks to avoid 
damage to hulls, and boaters are expected to remain in their boats. Exposure to river 
sediment or surface water while boating is likely to be limited to occasional contact 
when entering or leaving the boat, such as a canoe or kayak, or during a fall into the 
river. It is assumed that the current/future boater may be exposed to COPCs in 
sediment and surface water while boating via: 

 Direct contact (incidental ingestion and dermal contact) with nearshore river 
and mudflat surface sediment  

 Direct contact (incidental ingestion and dermal contact) with river surface 
water 

 Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat 
sediment and/or surface water 
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3.3.4.5 Worker 
Workers at properties adjacent to the river may perform outdoor activities such as 
trash collection and grounds maintenance. It is assumed that the worker receptor is 
more than 18 years of age and may be exposed to COPCs via: 

 Direct contact (incidental ingestion and dermal contact) with nearshore river 
and mudflat surface sediment  

 Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat 
sediment and/or surface water 

Workers are not expected to have contact with surface water during outdoor activities. 

3.3.4.6 Fish and crab consumption exposure parameters 

Fish Ingestion Rate 

The ingestion rate is the amount of fish that an individual consumes on a daily basis, 
based on the averaging of the reported consumption rate in 1 year over 365 days. The 
following analysis of ingestion rates is based on USEPA's technical memorandum on 
fish and crab consumption rates dated July 25, 2011, and revised February 2, 2012 
(presented in Appendix G). Ingestion rates for fish have been annualized and are 
presented in grams eaten per day (g/day). The ingestion rate assumes the fish are 
caught only from the LPRSA. It is expected that ingestion of fish from local sources 
will be the main source of fish consumption for the anglers. For consumption of fish, 
ingestion rates based on data collected for recreational anglers were obtained from the 
Exposure Factors Handbook (USEPA 1997b), three surveys conducted in New Jersey 
(Burger et al. 1998; Burger 2002; May and Burger 1996; CPIP and NJMSC 1993), and 
one survey conducted in New York (Connelly et al. 1992). Of these, only the 1997 
Exposure Factors Handbook (USEPA 1997b), Burger (2002), and Connelly et al. (1992) 
contain enough information to calculate statistical distributions for the ingestion rates, 
and only the Burger (2002) and Connelly et al. (1992) (as analyzed and applied in the 
externally peer-reviewed HHRA for the Hudson River in TAMS Consultants (2000)) 
included data from the New York/New Jersey Harbor, which encompasses the tidal 
portion of the LPR (the 1997 Exposure Factors Handbook (USEPA 1997b). Note that these 
two papers were also included in the recently issued 2011 version of the Exposure 
Factors Handbook (USEPA 2011a). Burger (2002) was from a survey conducted in the 
Newark Bay Complex. Connelly et al. (1992) was a New York statewide angler survey, 
the data of which were used to calculate ingestion rates for the peer-reviewed HHRA 
for the Hudson River (TAMS and Gradient 2000). Therefore, the fish ingestion rate for 
the LPR RME adult angler (34.6 g/day) was calculated by averaging the high end (90th 
percentile) estimates from Burger (2002) (37.3 g/day) and Connelly et al. (1992) 
(31.9 g/day). For the CTE value (3.9 g/day), the average of the 50th percentile value of 
3.7 g/day from Burger (2002) and the 50th percentile value of 4.0 g/day from Connelly 
et al. (1992) was used. 
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Ingestion rates for the adolescent and child were based on the assumption that the 
intake for the adolescent will be approximately two-thirds that of the adult, and the 
intake for the child will be approximately one-third that of the adult (USEPA 1997b). 
These assumptions are based on ratios of adolescent-to-adult and child-to-adult fish 
ingestion rates for total fish consumption provided in Table 10-1 of the Exposure 
Factors Handbook (USEPA 1997b) using data for a child aged 0 to 9 years, an adolescent 
aged 10 to 19 years, and an adult aged 20 to 70+ years (intake averaged over six adult 
age groups). Thus, for the RME, an ingestion rate of 11.5 g/day was used for the child 
receptor, and 23.1 g/day was used for the adolescent receptor. For the CTE, an 
ingestion rate of 1.3 g/day was used for the child receptor, and 2.6 g/day was used for 
the adolescent receptor.  

A creel angler survey was conducted in the LPR, as reported in Ray et al. (2007). The 
work plan for this survey was submitted to USEPA for review but not approved; 
therefore, results from this survey cannot be used in this risk assessment. However, it 
is noted that the fish ingestion rates for the RME adult based on data from Burger 
(2002) (37 g/day) and Connelly et al. (1992) (32 g/day) are consistent with the 
ingestion rate calculated from data reported in Ray et al. (2007) (28 g/day). Ray et al. 
(2007) reported that only seven of the anglers surveyed reported consuming fish. The 
small number of consumers limits statistical evaluation of the consumption rate to the 
maximum reported consumption rate of 28 g/day (USEPA 1992d).23  

Fraction Ingested for Fish 

The RAGS Part A includes a term “fraction ingested” (FI) that is defined as, “fraction 
ingested from contaminated source (unitless)” (USEPA 1989b). The guidance does not 
specifically address the application of this factor for fish or crab consumption but 
rather describes the application of this factor to adjust for the ingestion rates for 
vegetables or other produce or the ingestion of meat, eggs, and dairy products. 
However, within the overall recommendations on fish ingestion, the guidance states, 
“Residents near major commercial or recreational fisheries or shell fisheries are likely 
to ingest larger quantities of locally caught fish and shellfish than inland residents.” 
Consistent with the recommendations in RAGS Part A and in accordance with USEPA 
Region 2 practice at other contaminated sediment Superfund sites, an FI of 1 is used 
for the RME and CTE scenarios of all three angler populations for the following 
reasons: 

The LPR has an adequate quantity and quality of fish and crab to support the 
estimated level of fish and crab ingestion for the RME individual, both currently (as 
found in the fish community survey conducted by CPG in 2010 (Windward 2011c)) 
and in the future.  

 
23 There is some debate as to whether 28 g/day is the maximum rate among the fish consumers, or 

23.95 g/day is the maximum and the higher value is an estimated number based on a sensitivity 
analysis. 
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The LPR is in a highly developed urban area that supports a large population, with 
access to the river for fishing and crabbing at parks, boat docks, publicly accessible 
parking lots that abut the river, and residences on the river banks. Therefore, anglers 
have ample opportunity to return to areas where they have successfully caught fish or 
crab, especially adolescents or lower-income families that may have limited means of 
transportation, and workers who may have the opportunity to fish and/or crab during 
the work day or on their way to and from work. In addition, it is possible that 
individuals who move may stay within the 17-mile study area and continue to fish 
and crab from the river and consume the fish and/or crab that they catch. 

Although it is possible that anglers catch and consume fish and crab from other rivers 
and water bodies in the area, the risk assessment assumes that 100% of the catch is 
obtained from the LPRSA. 

Cooking Loss for Fish 

A cooking loss factor accounts for the amount of contaminant in tissue that is lost 
during the cooking process and thus not consumed by the receptor. For the RME, a 
cooking loss of 0% is used for all contaminants. For the CTE, the 50th percentile 
cooking loss values for combined skin on/skin off as developed in Appendix C of the 
draft focused feasibility study (Battelle 2007), or alternate values as agreed upon by 
USEPA Region 2 and CPG, is used for organic contaminants.24 For metals, a cooking 
loss of 0% is used for both the RME and CTE scenarios because cooking loss 
adjustments should not be applied for metals in most cases (USEPA 2000). 

Crab Ingestion Rate 

The ingestion rate is the amount of crab that an individual consumes on a daily basis 
based on the averaging of the reported consumption rate in 1 year over 365 days. The 
following analysis of ingestion rates is based on USEPA's technical memorandum on 
fish and crab consumption rates dated July 25, 2011, and revised February 2, 2012 
(presented in Appendix G). Ingestion rates for crab have been annualized and are 
presented in grams eaten per day (g/day). The ingestion rate assumes that crab are 
caught only from the LPRSA. It is expected that the main source of crab for ingestion is 
the LPRSA. Two studies provided data on crab consumption (Burger 2002; Burger et 
al. 1998). USEPA evaluated the data collected for the Burger (2002) study in the 
Newark Bay Complex of New Jersey to estimate crab consumption rates. For people 
who only crabbed (i.e., who did not also fish), 76 of the respondents provided 
estimates of the number of self-caught crab meals per month, number of crab per meal, 
and the number of months per year that they go crabbing. Two records were excluded 
from the ingestion rate estimates because the responses were considered outliers: one 
reported eating 48 crab per meal and the other reported eating 22 crab per meal 25 

 
24 USEPA Region 2 has agreed to review and discuss with CPG studies as they relate to cooking loss for 

the CTE scenario. 
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times per month. For the remaining 74 consumers of self-caught crab, daily ingestion 
rates were estimated for each individual by multiplying the number of crab per meal 
by number of meals per month and months per year of crabbing, and then by dividing 
the total by 365 days per year. In addition, it was assumed that the average edible 
portion of crab was 45 g per crab, based on the average weight of edible meat (muscle 
and hepatopancreas) from crab collected as part of the 17-mile LPRSA RI/FS that is 
currently being conducted. The 50th percentile ingestion rate was 3.0 g/day, the mean 
ingestion rate was 8.2 g/day, and the 90th percentile ingestion rate was 20.9 g/day. 
This mean crab ingestion rate is about half the mean value of 16.6 g/day from 
Barnegat Bay (Burger et al. 1998). Burger et al. (1998) did not report enough 
information to support statistical calculations of a 95th percentile ingestion rate. Other 
studies in this area reported crab consumption, but an ingestion rate could not be 
calculated based on the information presented (Burger et al. 1999; Kirk-Pflugh et al. 
1999). 
The 90th percentile crab ingestion rate of 21 g/day was selected as the adult RME 
ingestion rate, and the 50th percentile ingestion rate of 3 g/day was selected as the 
adult CTE rate. Ingestion rates for the child and adolescent receptors were estimated 
assuming rates one-third and two-thirds those of the adult ingestion rates, 
respectively, as was assumed for fish ingestion.  

Fraction Ingested for Crab 

The FI for crab is discussed in the “Fraction Ingested for Fish” section, above. 

Cooking Loss for Crab 

A cooking loss factor accounts for the amount of contaminant in tissue that is lost 
during the cooking process and thus not consumed by the receptor. Blue crab are most 
often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 
2006). Exposure to the contaminant depends not only on the specific part of the crab 
consumed, but also on the method of cooking. NJDEP and NJDHSS(2010) report that 
no specific cooking method can be relied on to reduce chemical contaminant levels in 
blue crab. Because the crab is cooked whole, even if the consumer does not eat the 
hepatopancreas, exposure to the chemical contaminant may still occur if the crab is 
cooked before the hepatopancreas is removed and if the liquid used to boil the crab is 
used in juices, sauces, bisques, or soups. It should be assumed that the cooking liquid 
is consumed along with the crabmeat. Therefore, cooking loss for crab is assumed to 
be 0% for all contaminants under the RME scenario, because data are not currently 
available from USEPA or published literature to support any type of reduction in 
concentration under this type of exposure scenario. A study published by Zabik et al. 
(1992), entitled Effect of Preparation and Cooking on Contaminant Distributions in 
Crustaceans: PCBs in Blue Crab was reviewed. The study showed that boiling or 
steaming reduced PCB concentrations by greater than 20% in tissue and that the 
cooking water contained about 80% of the PCBs that were lost from the crab (the study 
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author was contacted to confirm these results). Thus, most of the PCBs lost from the 
crab could still be consumed if the cooking water were to be used to prepare soups, 
sauces, pasta, etc. Potential cooking loss based on the assumption that the cooking 
water is discarded may be discussed in the uncertainty section of the risk assessment, 
but a cooking loss of 0% for crab was assumed for the RME scenario. However, a PCB 
cooking loss factor of 20% for crab, based on Zabik et al. (1992) was assumed for the 
CTE scenario in the risk assessment. 

3.3.4.7 Sediment and surface water exposure parameters 

Incidental Ingestion of Sediment 

While a number of studies on incidental ingestion of soil as a result of hand-mouthing 
behaviors have been conducted, as summarized in USEPA guidance (1997b, 2008), 
similar data for sediment are lacking. Therefore, default values for incidental soil 
ingestion rates provided in USEPA guidance (1991a) may be used. The incidental 
sediment ingestion rates of anglers, swimmers, waders, boaters, and workers are 
assumed to be half the default residential soil ingestion rates: 50 mg/day for adults, 
adolescents (7 to 18 years old), older children (7 to 13 years old), and teens (14 to 18 
years old) for the RME scenario (USEPA 1991a, 2002f), and 25 mg/day for the same 
receptor groups for the CTE scenario. For child swimmers and waders, the sediment 
ingestion rate is assumed to be one-half of the USEPA-recommended residential soil 
ingestion rate: 100 mg/day for the RME scenario and 50 mg/day for the CTE scenario. 

Incidental Ingestion of Surface Water 

While a number of studies on drinking water ingestion rates have been conducted, as 
summarized in USEPA guidance (1997b, 2008), similar data for incidental surface 
water ingestion are generally lacking, especially for activities such as wading or 
boating. Therefore, USEPA default values will be used for this scenario (USEPA 
1991a). The incidental surface water ingestion rate of anglers, waders, and boaters is 
assumed to be half of what occurs during swimming, or 0.025 L/hr (USEPA 1989b), 
for both RME and CTE (all age groups). USEPA’s default incidental ingestion rate of 
0.050 L/hr (USEPA 1989b) will be used for both the RME and CTE swimmer (all age 
groups).  

Body Surface Areas in Contact with Sediment and Surface Water 

The skin surface area exposed to sediment and surface water varies with the type of 
activity being performed, as summarized below. For the angler and wader receptors, 
USEPA’s default for residential soil exposures (i.e., feet, lower legs, hands, forearms, 
and head) (USEPA 2004b) will be used for both sediment and surface water.  

For dermal contact with sediment and surface water, the angler and wader are 
assumed to wear a short-sleeved shirt and shorts (no shoes); therefore, the exposed 
skin surface is limited to the head, hands, forearms, lower legs, and feet. The exposed 
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skin surface area for adult anglers and waders is 6,100 square centimeters (cm2), the 
average of the 50th percentile for males and females greater than 18 years of age 
(USEPA 1997b). The exposed skin surface area for adolescent anglers and waders is 
5,100 cm2, based on the weighted average surface area for males and females aged 7 to 
< 19 years (USEPA 2008). The exposed skin surface area for child waders is 2,500 cm2, 
based on the weighted average surface area for children aged 1 to < 7 years (USEPA 
2008).  

Boaters get wet from the splashing of oars, rough water, or wakes made by 
powerboats (Passaic River Rowing Association 2010). For dermal contact with 
sediment and surface water, the teenage and adult boaters that participate in sculling 
typically wear shoes and have indicated that when splashed by water, their exposure 
is usually limited to the hands, forearms, and sometimes the face (Nereid Boat Club 
2010). When the surface area is limited to these body parts, the exposed skin surface 
area for adult boaters is 2,500 cm2, the average of the 50th percentile for males and 
females older than 18 years of age (USEPA 1997b). The exposed skin surface area for 
teenage boaters is also 2,500 cm2, based on the weighted average surface area for males 
and females aged 14 to < 19 years (USEPA 2008). 

Recreational boaters participating in canoeing or kayaking on the river could have a 
different exposure pattern from that of the scullers. They are assumed to go boating 
less frequently but may have their lower legs and feet exposed in addition to the other 
body parts listed for the sculler. Therefore, the surface area for older child recreational 
boaters is 4,400 cm2 based on the weighted average surface area of head, hands, 
forearms, lower legs, and feet for children aged 7 to < 14 years (USEPA 2008). 

For the swimming receptor, the entire skin surface area will be used for contact with 
surface water: 18,000 cm2 for adults (USEPA 2004b, Exhibit 3-2), 14,800 cm2 for 
adolescents (USEPA 2008), and 6,600 cm2 for children (USEPA 2004b, Exhibit 3-2). 
However, swimmers’ dermal contact with sediment as they enter and leave the river is 
not likely to involve the entire body, but would be more similar to the exposure of a 
wader. Therefore, the exposed skin surface for sediment is assumed to be limited to 
the head, hands, forearms, lower legs, and feet. The exposed skin surface area of these 
body parts for adults is 6,100 cm2, the average of the 50th percentile for males and 
females older than 18 years of age (USEPA 1997b). The exposed skin surface area for 
adolescents is 5,100 cm2, based on the weighted average surface area for males and 
females aged 7 to < 19 years (USEPA 2008). The exposed skin surface area for children 
is 2,500 cm2, based on the weighted average surface area for children aged 1 to < 7 
years (USEPA 2008). 

For dermal contact with sediment, the worker is assumed to wear a short-sleeved 
shirt, long pants, and shoes; therefore, the exposed skin surface is limited to the head, 
hands, and forearms. The resulting exposed skin surface area is 3,300 cm2, the average 
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of the 50th percentile for males and females greater than 18 years of age (USEPA 
2004b). 

The skin surface areas for each receptor are summarized in Table 3-2. 

Table 3-2. Summary of skin surface areas contacting sediment and surface 
water  

Receptor 
Population 

Age  
Groupa 

Skin Surface Area 
Contacting Sediment 

(cm2) 

Skin Surface Area 
Contacting Surface 

Water (cm2) 
Body Parts Exposed RME CTE RME CTE 

Angler 
adult 6,100 6,100 6,100 6,100 feet, lower legs, hands, forearms, 

head 

adolescent 5,100 5,100 5,100 5,100 feet, lower legs, hands, forearms, 
head 

Swimmer 

adult 6,100 6,100 18,000 18,000 
full body surface area for surface 
water; head, hands, forearms, 
lower legs, and feet for sediment 

adolescent 5,100 5,100 14,800 14,800 
full body surface area for surface 
water; head, hands, forearms, 
lower legs, and feet for sediment 

young child 2,500 2,500 6,600 6,600 
full body surface area for surface 
water; head, hands, forearms, 
lower legs, and feet for sediment 

Wader 

adult 6,100 6,100 6,100 6,100 feet, lower legs, hands, forearms, 
head 

adolescent 5,100 5,100 5,100 5,100 feet, lower legs, hands, forearms, 
head 

young child 2,500 2,500 2,500 2,500 feet, lower legs, hands, forearms, 
head 

Boater 

adult 2,500 2,500 2,500 2,500 hands, forearms, face 

teen 2,500 2,500 2,500 2,500 hands, forearms, face 

older child 4,400 4,400 4,400 4,400 feet, lower legs, hands, forearms, 
head 

Worker adult 3,300 3,300 na na head, hands, forearms 

a Age groups: adult – > 18 yrs; adolescent – 7 to 18 yrs, young child – 1 to 6 yrs; older child – 7 to 13 yrs;  
teen – 14 to 18 yrs. 

CTE – central tendency exposure 
na – not assessed 
RME – reasonable maximum exposure 

Dermal Adherence Factors 

The dermal adherence factor of 0.3 mg/cm2 is assumed for adults based on the 50th 
percentile weighted adherence factor measured for reed gatherers, the activity 
determined to represent a reasonable, high-end contact (USEPA 2004b).  
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The sediment dermal adherence factors for each receptor are summarized in Table 3-3. 

Table 3-3. Summary of sediment dermal adherence factors  

Receptor  
Population Age Groupa 

Adherence Factor (mg/cm2) 
RME CTE 

Angler 
adult 0.3 0.3 

adolescent 0.2 0.2 

Swimmer 

adult 0.3 0.3 

adolescent 0.2 0.2 

young child 0.2 0.2 

Wader 

adult 0.3 0.3 

adolescent 0.2 0.2 

young child 0.2 0.2 

Boater 

adult 0.3 0.3 

teen 0.2 0.2 

older child 0.2 0.2 

Worker adult 0.3 0.3 

a Age groups: adult – > 18 yrs; adolescent – 7 to 18 yrs, young child – 1 to 6 yrs; older child – 7 to 13 yrs; teen – 
14 to 18 yrs. 

CTE – central tendency exposure 
na – not assessed 
RME – reasonable maximum exposure 

The Child-Specific Exposure Factors Handbook (USEPA 2008) recommends adherence 
factors for adolescents and children based on a study of children engaged in shoreline 
play on tidal flats. This activity most accurately reflects the anticipated activity of 
receptors along the Passaic River. However, review of the original study by Shoaf et al. 
(2005), and discussions with Dr. Shoaf, revealed that the sediment in the study had a 
higher grain size than is typically found in the sediment from the banks of the Passaic 
River; 71% of the sediment in the Shoaf et al. study (2005) was characterized as 
medium to very coarse sand (grain size of 0.25 to 1.999 mm). Only 0.77% of the total 
sample mass was characterized as clay or silt. In contrast, Passaic River sediment near 
the banks is typically soft, organically enriched silt; while firmer, coarser sediment is 
observed in the deeper mid-section of the river (Germano & Associates 2005). Grain 
size data from a low-resolution coring and sediment sampling event (AECOM [in 
prep]-a) show that on average along the 17.4-mile study area more than 40% of surface 
sediment mass was characterized as fines (i.e., clay or silt). The adherence of sandy 
sediment as characterized in the Shoaf et al. (2005) study may not accurately reflect 
adherence of finer-grain sediment. USEPA (USEPA 2004b, 2008) also recommends 
adherence data from several other studies, including children playing indoors, at 
daycare, in dry soil, in wet soil, in mud, during gardening, and while playing soccer. 
The activity and conditions that most closely align with receptor activities along the 
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Passaic River is children playing in wet soil. Therefore, the adherence factor for 
children and adolescent receptors to be used is 0.2 mg/cm2 based on the 50th percentile 
surface area weighted soil adherence data for children playing in wet soil (USEPA 
2004b). 

Surface Water Exposure Time 

The NJAC surface water quality standards classification for the Passaic River from RM 
0 to RM 8 includes secondary contact recreation (e.g., boating and fishing), and from 
RM 8 to RM 17.4 includes primary contact recreation (e.g., swimming and wading), 
among other uses (NJDEP 2008b). A number of boating and sculling clubs already 
make frequent use of the river (Passaic River Rowing Association 2010, Nereid Boat 
Club 2010) and improvements are being made to boat ramps throughout the 17.4 miles 
(City of Newark 2010; NJDEP 2008a). Swimming under current conditions may be 
limited by the visible deterrents along large sections of the river, including the 
presence of trash and debris and the generally urban setting of the river. However, 
once the parks that are already under construction are completed, and when other 
recreational improvements planned in municipal master plans are undertaken, future 
conditions are expected to provide greater access to and be more conducive to 
swimming.25 The exposure times and frequencies summarized in Table 3-4 are 
designed to reflect both current and future river users. While the number of people 
who use the river in such a way as to be exposed to surface water will likely increase 
as improvements to the river are made, the exposure times and frequencies for 
particular individuals who already use the river in these ways are not expected to 
increase. 

Table 3-4. Summary of surface water exposure times  

Receptor 
Population Age Groupa 

Surface Water Exposure Time 
(hour/day) 

RME CTE 

Angler 

adult 1 0.5 

adolescent 1 0.5 

young child na na 

Swimmer 

adult 2.6 2.6 

adolescent 2.6 2.6 

young child 2.6 2.6 

Wader 

adult 1 0.5 

adolescent 1 0.5 

young child 1 0.5 

 
25 The national average for time spent swimming is 2.6 hours/day (USEPA 1989b). 



 

 

 

DRAFT 
LPRSA Revised RARC Plan 

October 29, 2013 
105 

 

Receptor 
Population Age Groupa 

Surface Water Exposure Time 
(hour/day) 

RME CTE 

Boater 

adult 2 1.5 
teen 2 1.5 

older child 2 1.5 

Worker adult na na 

a Age groups: adult – > 18 yrs; adolescent – 7 to 18 yrs, young child – 1 to 6 yrs; older child – 7 to 13 yrs; teen – 
14 to 18 yrs. 

CTE – central tendency exposure 
na – not assessed 

RME – reasonable maximum exposure 
 

Sediment and Surface Water Exposure Frequencies 

Exposure frequencies for recreational scenarios involving direct contact with sediment 
and surface water should be based on site-specific factors, such as:  

 Nature of the activity (e.g., swimming vs. boating)  

 The characteristics of the exposure area, including access, riverbank type, 
waterway use, and nearby land use 

 Climate factors such as temperature and precipitation (e.g., sediment contact is 
curtailed during cold weather months when the ground is frozen or snow covered)  

Sediment and surface water exposure frequencies for each receptor scenario are 
summarized in Table 3-5. The exposure frequencies for the angler, swimmer, wader, 
and boater reflect both current conditions on the river and future conditions after 
shoreline improvements laid out in municipal master plans are carried out. To be 
clear, the number of exposed individuals will likely increase as improvements to the 
shoreline and river are made, but the exposure frequency and duration for some 
individuals who already engage in these scenarios are not likely to increase. Adult 
anglers, swimmers, and waders are assumed to fish, swim, or wade in locations where 
they would contact sediment and surface water once a week during the summer 
months (13 weeks per year), or 13 days per year, for the RME scenario, and once every 
2 weeks, or 7 days per year, for the CTE scenario. Adolescent anglers, swimmers, and 
waders are assumed to be exposed to sediment and surface water 3 days per week 
during the summer months, or 39 and 20 days per year, respectively, for the RME and 
CTE scenarios. Anglers may catch fish on more days than are assumed here but are 
not expected to contact sediment and surface water every day that they fish. 

The surface water and sediment exposure frequencies for the older child boater who 
canoes or kayaks are assumed to be equal to those for other recreational scenarios, 
such as swimming or wading, and were therefore assumed to occur 13 days per year 
for the RME scenario and 7 days per year for the CTE scenario.  
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Surface water exposure frequencies for adult and teenage (14 to 18 years old) boaters 
are based on information provided by Passaic River boating clubs (Passaic River 
Rowing Association 2010; Nereid Boat Club 2010). The rowing season extends from 
March through mid-November (37 weeks). Adult boaters row up to 7 days per week, 
for 1 to 2 hours per day; average frequency is about 3 to 4 times per week. Based on 
this information, for adult boaters, the RME frequency is 259 days per year (7 days per 
week x 37 weeks per year), and the CTE frequency is 111 days per year (3 days per 
week x 37 weeks per year). For the teenage boaters, the high school rowing season is 
primarily from late February through the end of May, and sometimes includes 
minimal rowing in the fall. The high school teams row 5 to 7 days per week for 1 to 2 
hours per day. Based on this information, for teenage boaters (14 to 18 years old), the 
RME frequency is 98 days per year (7 days per week x 14 weeks per year), and the 
CTE frequency is 70 days per year (5 days per week x 14 weeks per year). 

Exposure to sediment for adult and teenage boaters will occur at a much lower 
frequency than will exposure to surface water. At rowing locations south of Dundee 
Dam, rowers launch from docks, so contact with the riverbank happens when rowers 
flip out of their boats and need to wade in the river to get back into the boat. It is 
therefore assumed that sediment contact occurs once a month for the RME scenario 
and once every 2 months for the CTE scenario. Accounting for the length of the 
rowing season (37 weeks for adults and 14 weeks for teenagers), the adult sediment 
exposure frequency is 9 days per year for RME and 4 days per year for CTE; the 
teenage boater exposure frequency is 4 days per year for RME and 2 days per year for 
CTE. 

Workers are assumed to be exposed once a week throughout the year for the RME 
scenario and once every 2 weeks for the CTE scenario, or 50 days per year and 25 days 
per year, respectively (50 work weeks per year, assuming a 2-week vacation). 

Table 3-5. Summary of sediment and surface water exposure frequencies  

Receptor 
Population Age Groupa 

Sediment 
Exposure Frequency (day/year) 

Surface Water 
Exposure Frequency (day/year) 

RME CTE RME CTE 

Angler 

adult 13 7 13 7 

adolescent 39 20 39 20 

young child na na na na 

Swimmer 

adult 13 7 13 7 

adolescent 39 20 39 20 

young child 13 7 13 7 

Wader 

adult 13 7 13 7 

adolescent 39 20 39 20 

young child 13 7 13 7 
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Receptor 
Population Age Groupa 

Sediment 
Exposure Frequency (day/year) 

Surface Water 
Exposure Frequency (day/year) 

RME CTE RME CTE 

Boater 

adult 9 4 259 111 

teen 4 2 98 70 

older child 13 7 13 7 

Worker adult 50 25 na na 

a Age groups: adult – > 18 yrs; adolescent – 7 to 18 yrs, young child – 1 to 6 yrs; older child – 7 to 13 yrs; teen – 
14 to 18 yrs. 
CTE – central tendency exposure 
na – not assessed 
RME – reasonable maximum exposure 

3.3.4.8 Exposure duration 
The ED is the estimate of the total time (in years) that a receptor engages in a 
particular activity that could result in exposure. For a resident receptor, residence time 
in a single residence is typically used in risk assessments to estimate ED. The exposure 
duration for site workers is 25 years for the RME scenario based on the 95th percentile 
value for job tenure for men in the manufacturing sector (USEPA 2002f). The CTE 
duration is 7 years based on the median occupation tenure of the working population 
(USEPA 1997b). 

The EDs are as follows:  

 Adult—The RME ED for adult receptors is assumed to be 24 years (USEPA 1991a), 
based on a 30-year upper-bound residential tenure at a single location (USEPA 
1989b) minus 6 years as a non-adult. The CTE ED for adult receptors is 9 years, 
based on the 50th percentile value for years living in current home (USEPA 1997b).  

 Adolescent (ages 7 to 18 years)—The ED is based on the number of years in the age 
group, which is 12 years for the RME scenario and 6 years for the CTE scenario.  

  Child (ages 1 to 6 years)—The ED is 6 years for the RME scenario and 3 years for 
the CTE scenario. 

 Older Child Boater (ages 7 to 13 years)—The ED is 7 years for the RME scenario 
and 3 years for the CTE scenario. 

 Teen Boater (ages 14 to 18 years)—The ED is 5 years for the RME scenario and 3 
years for the CTE scenario. 

3.3.4.9 Body weight 
Receptor body weights are taken from USEPA guidance (USEPA 1991a, 2008), and 
represent the averages for males and females in the applicable age ranges (e.g., 1 to 6 
years for child, 7 to 18 years for adolescent, and adult). A body weight of 70 kg will be 
used for adults and 15 kg for children (USEPA 1989b, 1991a). Body weights for 
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adolescents were derived by averaging the mean body weight estimates for males and 
females by year of age from the fourth National Health and Nutrition Examination 
Survey, as summarized in Table 8-23 of the Child-Specific Exposure Factors Handbook 
(USEPA 2008). The mean body weight is 52 kg for the 7- to 18-year-old adolescent, 41 
kg for the older child boater, and 66 kg for the teen boater.  

3.3.4.10 Chemical-specific parameters 
The dermal and oral absorption, dermal permeability, and preparation/cooking loss 
parameters identified in the equations presented in Section 3.3.3 are chemical specific 
and are described below.  

Dermal Absorption Fractions 

The dermal absorption fraction (DAF) accounts for absorption of chemicals through 
the skin. The DAFs for COPCs will be compiled from RAGS Part E (USEPA 2004b). 
The default DAFs provided in RAGS Part E may be refined based on scientific 
literature and site-specific considerations. Alternative DAFs will be submitted to 
USEPA for approval prior to their use in the baseline HHRA. COPCs without 
USEPA-recommended DAFs will be qualitatively evaluated in the uncertainty 
analysis. 

The uncertainty associated with use of default DAFs will be discussed in the 
uncertainty analysis. 

Oral Absorption Adjustment Factors 

Absorption adjustment factors (AAFs) are used in risk assessment to account for 
absorption differences between humans exposed to substances in environmental 
situations and experimental animals in the laboratory studies used to derive 
dose-response values. Support for use of AAFs is provided in USEPA guidance 
(USEPA 1989b, 1992b).  

The AAF is the ratio between the estimated human absorption factor for the specific 
medium and route of exposure, and the known or estimated absorption factor for the 
laboratory study from which the dose-response value was derived:  

 Equation 3-9 

where: 

AAF = absorption adjustment factor 

The use of an AAF allows the risk assessor to make appropriate adjustments if the 
efficiency of absorption between environmental exposure and experimental exposure 
is known or expected to differ because of physiological effects and/or matrix or 
vehicle effects. When the dose-response curve is based on administered dose data, and 

study) response-dose the in absorbed (fraction
exposure) talenvironmen the for humans in absorbed (fractionAAF =
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if it is estimated that the fraction absorbed from the site-specific exposure is the same 
as the fraction absorbed in the laboratory study, then the AAF is 1. In the absence of 
detailed toxicological information on every constituent, it has been common practice 
for risk assessors to use a default oral AAF value of 1. However, use of AAFs in 
standard risk assessment calculations can provide more accurate and more realistic 
estimates of potential human health risk. Representative and appropriate AAFs based 
on available toxicological data will be developed to the extent practicable. The 
derivation of any non-default oral AAFs used in the baseline HHRA will be provided 
in an appendix to the baseline HHRA. In the absence of appropriate data, a default 
AAF of 1 will be used. The oral AAFs will be submitted to USEPA Region 2 for 
approval prior to their use in the baseline HHRA. General guidance on this evaluation 
is presented in RAGS Parts A and E (USEPA 1989b, 2004b). 

Dermal Permeability Constants 

The estimation of exposure doses resulting from dermal contact with surface water 
requires the use of a dermal permeability constant (PC) in units of centimeters per 
hour (cm/hr). This method assumes that the behavior of constituents dissolved in 
water is described by Fick's Law. In Fick's Law, the steady-state flux of the solute 
across the skin (mg/cm2/hr) equals the PC (cm/hr) multiplied by the concentration 
difference of the solute across the membrane (mg/cm3). This approach is discussed by 
USEPA (1989b, 2004b). PC values for use in the baseline HHRA will be derived from 
USEPA guidance (2004b). Any proposed deviations from USEPA guidance 
permeability coefficients will be submitted to USEPA Region 2 for approval prior to 
their use in the baseline HHRA. 

Preparation and Cooking Loss 

Cooking losses for fish and crab are discussed in Section 3.3.4.6. Cooking loss values 
for RME and CTE fish consumption scenarios are summarized in Table 3-6. As noted 
in Section 3.3.4.6, alternate values may be used (for the CTE scenarios only), as agreed 
upon by USEPA and CPG. 26 

 
26 A cooking loss factor of 30% for PCBs, as identified in theTechnical Memorandum, Summary of 

Cooking Loss Studies and Data Evaluation (AECOM 2012b), was agreed upon by USEPA Region 2 
and CPG during a January 28, 2013, conference call. The similarity of the cooking loss factors for 
PCDDs/PCDFs and dioxin-like PCB congeners was also noted during the January 28 conference call; 
however, USEPA requested that this loss be addressed in the uncertainty evaluation due to the limited 
data. 
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Table 3-6. Cooking loss factors for fish  

Chemical RME (%) CTE (%) 
DDD 0 30 

DDE 0 35 

DDT 0 30 

Chlordane 0 33 

Dieldrin 0 30 

Dioxins 0 49 

PCBs 0 30 

Mercury 0 0 
 

CTE – central tendency exposure 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 

DDT – dichlorodiphenyltrichloroethane 
PCB – polychlorinated biphenyl 
RME – reasonable maximum exposure 

If a COPC is identified that is not included in Table 3-6, either surrogates or literature 
values will be used for the CTE percent cooking loss, pending approval by USEPA 
Region 2. 

Available site-specific data on catch preparation and cooking practices, as well as 
tissue type, will be summarized for species relevant to the LPRSA. In addition, the 
available literature will be reviewed to identify studies that provide data on species, 
preparation and cooking methods, and chemical groups relevant to the LPRSA. Data 
from these studies will be summarized, including observed ranges and means of 
cooking loss estimates, and discussed in the uncertainty section of the baseline HHRA.  

3.3.5 Exposure point concentrations 
Exposure points are located where potential receptors may have contact with COPCs 
at or from the site. The concentration of COPCs in the environmental medium that 
receptors may have contact with must be estimated in order to determine the 
magnitude of potential exposure. EPCs will be derived using measurement data for 
sediment, surface water, and fish/crab tissue. For potential exposure pathways where 
measurement data are not available or where future scenarios are evaluated, EPCs will 
be modeled from measured EPCs (e.g., outdoor air).  

3.3.5.1 Exposure areas 
Exposure areas are the discrete areas over which a specific exposure pattern is 
expected to occur over the duration of exposure. As agreed with USEPA Region 2, 
exposure areas for the receptor scenarios will be identified after all relevant site data 
have been collected and analyzed.  

The identification of exposure areas for surface water and sediment will consider 
several factors, including the type of human activity (e.g., boating, swimming, etc.) 
and site-specific conditions that influence the potential for the activity to occur, 
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including adjoining land use, ease of access, riverbank type, and sediment type (e.g., 
mudflat). Future use of the river, including initiatives to restore the LRPSA, will also 
be taken into consideration when identifying potential human activities and their 
associated exposure areas for the baseline HHRA. Data sources to be used include 
local land use and geographic information system data, such as that provided on 
NJDEP’s website (NJDEP 2010); site photographs and video recordings; local 
redevelopment and restoration plans; recreation and boat club data; and observations 
and data recorded during site reconnaissance, including the September 2010 habitat 
identification survey. 27 

For fish and crab consumption, consideration will be given to several factors, 
including the fact that anglers can catch fish from any reach of the river; the mobility 
of target species; and the fact that target human health species, including white perch, 
American eel, and blue crab, were caught throughout the study area (Windward 
2010c).28 

3.3.5.2 Calculation of exposure point concentrations 
Based on the exposure areas identified for each receptor/scenario, subsets of data will 
be compiled and analytical data from the exposure area will be used to derive the 
EPCs. For the media with measurement data (sediment, surface water, fish tissue, and 
crab tissue), the EPC will be defined as the 95% UCL concentration for the RME and 
CTE scenarios. This value represents the arithmetic average of the concentration that is 
contacted over the exposure period, accounting for uncertainty and variability in the 
dataset, as noted in Supplemental Guidance to RAGS: Calculating the Concentration Term 
(USEPA 1992d) and Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites (USEPA 2002a). These guidance documents 
state that because of the uncertainty associated with estimating the true average 
concentration at a site, the 95% UCL concentration should be used for the exposure 
point concentration.  

UCLs will be calculated using USEPA’s most current ProUCL software (e.g., ProUCL 
Version 4.1.01) (USEPA 2011b), or alternative methods such as bootstrapping or 
methods for deriving classical stratified estimates based on Cochran (1977). The 
application of alternative methods for deriving UCLs is important in cases where the 
dataset was developed using a stratified design, as an underlying assumption of 
ProUCL is that the data are collected from the same population (USEPA 2010a, b). As 
ProUCL 4.1.01 has an option for handling non-detect data to estimate a UCL, all 
reported data (detected and non-detect) could be used. Details of the methods to be 

 
27 As part of the habitat identification survey conducted by CPG in September 2010, the presence of 

mudflats, potential access points, ongoing human activities occurring at the time of the survey, and 
riverbank types and features were observed and recorded (Windward [in prep]-c). 

28 As noted in Section 3.3.1, very few blue crab have been observed being caught and kept by LPRSA 
anglers. 
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used to estimate EPCs will be described in the Revised Data Usability Plan (Windward 
and AECOM [in prep]). 

The UCL recommended by ProUCL will be used unless determined to be 
inappropriate based on a statistical review, or if it exceeds the maximum detected 
concentration (USEPA 1989b, 2000). In those cases, a UCL computed by an alternative 
UCL method will be used (USEPA 2010a, b, 2011b). If it is not possible to calculate a 
UCL or equivalent estimate of central tendency that is less than the maximum (e.g., 
because of outliers or a very small dataset), the maximum will be used and the 
uncertainty associated with the corresponding risk estimates will be discussed in the 
uncertainty section of the baseline HHRA. As recommended in USEPA guidance on 
calculating the UCL (USEPA 2002a), an analysis will be conducted to determine 
whether there are outliers, a substantial number of non-detect values, or a very small 
sample size that could adversely affect the outcome of the statistical analyses. For 
datasets of 5 to 10 samples, as agreed with USEPA, the UCL recommended by ProUCL 
will be used if it is below the maximum, and these situations will be identified in the 
text of the risk assessment. Details of the dataset to be used and methods to estimate 
EPCs will be described in the Revised Data Usability Plan (Windward and AECOM [in 
prep]). 

Tables presenting the EPC selection process for each medium and COPC will be 
presented in the baseline HHRA.  

Tissue EPCs 

The calculation of tissue EPCs for estimating potential risk will take into account 
angler consumption preferences as well as species abundance. EPCs will be calculated 
for each relevant species and tissue type for the baseline HHRA.  

For fish, only fillet data will be included in EPC calculations, since this is the tissue 
type typically consumed (Windward and AECOM 2009). Local angler data on species 
caught and kept, preparation and cooking practices, and available fish community 
survey data (Windward 2010c) will be considered (e.g., Desvousges et al. 2001; NJDEP 
1995). Most anglers reported fillet as the type of tissue consumed; pan frying was the 
cooking method most reported.  

If sufficient information on angling and consumption preferences is available, it will 
be used to estimate fish tissue EPCs that account for the proportions of various fish 
species in the angler’s diet. This includes regional angler surveys, including those 
conducted by NJDEP in the Newark Bay complex, relevant published studies on 
angler catch and keep practices, species home range and habitat (i.e., benthic and 
pelagic), and consideration of other baseline HHRAs that have evaluated 
species-weighted EPCs. The approach of developing a species-weighted EPC based on 
angler consumption preferences (i.e., a market basket approach) is consistent with the 
approach used to evaluate this pathway in other baseline HHRAs within and outside 
of USEPA Region 2, as well as guidance (USEPA 1989a, 2000).  
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The EPC for crab will be based on the concentrations in the composite samples of 
edible crab tissue (e.g., muscle and hepatopancreas combined). Concentrations of 
COPCs in crab muscle-only and hepatopancreas-only tissues will be evaluated in the 
uncertainty analysis to provide information for potential consumers of those specific 
tissue types.  

Risks from alternate consumption practices, such as single-species diets, ancillary fish 
species consumption, a mixed fish and crab diet, and/or consuming parts of the fish 
other than fillets, will be evaluated in the uncertainty analysis. The uncertainty 
associated with use of different sample types (e.g., individuals and composites) in 
calculating fish tissue EPCs will also be discussed in the uncertainty section.  

Ambient Air EPCs 

Volatilization of organic compounds into ambient air may occur if concentrations of 
these compounds in exposed mudflat sediment and surface water exposure areas are 
sufficiently high (e.g., based on a screening evaluation that accounts for COPC 
concentration, toxicity, and volatility). Intertidal mudflat sediment and river surface 
water data will be reviewed to assess the presence and magnitude of volatile organic 
compounds and semivolatile organic compounds. If warranted based on the outcome 
of the screening evaluation, concentrations volatilizing from the mudflat surface 
sediment and river surface water into ambient air will be modeled.  

Appendix E presents a detailed description of the air pathway evaluation plan. 

Modeled Future EPCs 

Modeled EPCs for site media (e.g., sediment, surface water, and fish tissue) based on 
future site conditions are not anticipated for inclusion in the calculation of baseline 
risks at this time. Modeled EPCs based on future site conditions may be evaluated in 
the uncertainty section of the baseline HHRA, to the extent that modeled EPCs are 
available. The basis of any modeled EPCs, included in the baseline risk assessment, 
will be documented.  

3.4 TOXICITY ASSESSMENT METHODS 
The purpose of the toxicity (or dose-response) assessment is to identify the types of 
adverse health effects a constituent may potentially cause, and to define the 
relationship between the dose of a constituent and the likelihood or magnitude of an 
adverse health effect (response) (USEPA 1989b).  

Adverse effects are classified by USEPA as potentially carcinogenic or 
non-carcinogenic (i.e., potential endpoints other than cancer). Dose-response 
relationships are defined by USEPA for oral exposure and exposure by inhalation. 
Because of the scarcity of toxicological data and established values for the dermal 
route of exposure, oral toxicity values are used to assess dermal exposures with 
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adjustment for differences in absorption (USEPA 2004b). Combining the results of the 
toxicity assessment with information on the magnitude of potential human exposure 
provides an estimate of potential risk.  

The dose-response values for potentially carcinogenic effects are termed cancer slope 
factors (CSFs) for the oral and dermal pathways and unit risk factors for inhalation. 
For carcinogens presumed to act via a mutagenic mode of action, dose-response values 
are generally based on the linearized multistage model, which assumes that cancer 
risks are linear in the low-dose region (USEPA 2005b, c). Consistent with the Cancer 
Guidelines and Supplemental Guidance for Assessing Susceptibility for Early-Life Exposure to 
Carcinogens (USEPA 2005c), the application of age-dependent adjustment factors for 
chemicals with a mutagenic mode of action will be used in the calculation of risk from 
specific chemicals, such as PAHs. The potential contribution to lifetime risk from early 
life exposures to PAHs and associated chemicals with mutagenic modes of action will 
be discussed in the risk characterization and uncertainty sections of the report.  

Dose-response values for non-carcinogenic effects are termed reference doses (RfDs) 
for the oral and dermal pathways and reference concentrations (RfCs) for the 
inhalation pathway. Both carcinogenic and non-carcinogenic health effects will be 
evaluated in the risk assessment. For evaluation of potential non-carcinogenic effects, 
exposures are characterized as chronic (i.e., lasting longer than 7 years) or subchronic 
(i.e., lasting 7 years or less). Consistent with the Science Advisory Board (SAB) 
recommendation cited in the soil screening-level guidance (USEPA 2002f), a child of 
1 to 6 years will be considered to have a chronic exposure.29  

Toxicity criteria will be selected according to USEPA’s hierarchy (USEPA 2003a), 
which is as follows:  

1. USEPA’s Integrated Risk Information System (IRIS), an online computer 
database (USEPA 2013a) 

2. USEPA’s National Center for Environmental Assessment, Superfund Health 
Risk Technical Support Center Provisional Peer Reviewed Toxicity Values  

3. Other sources of information, such as the California Environmental Protection 
Agency, the Agency for Toxic Substances and Disease Registry (ATSDR), and 
the Health Effects Assessment Summary Tables (USEPA 1997c), with priority 
given to those sources that are most current and approved by the USEPA 
Superfund Health Risk Technical Support Center 

 
29 The SAB noted that the combination of the six-year childhood exposure with a chronic RfD may be 
appropriate for chemicals with toxic endpoints specific to children or with steep dose-response curves, 
but is likely to be over protective for most contaminants(USEPA 1993a).  
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Dose-response values used in the risk assessment will be presented in tabular format. 
For each constituent, the table will present the Chemical Abstracts Service registry 
number, dose-response value, source, study animal, study method, and where 
appropriate, target organ, critical effect, uncertainty factors, and confidence level. 
Dose-response values are available for inhalation and oral exposures. As there are no 
dermal dose-response values, oral dose-response values will be used to evaluate 
dermal exposures, with appropriate adjustment to the oral toxicity factor to account 
for an absorbed rather than an administered dose. The USEPA’s recommended 
adjustment factors for oral dose-response values will be used (USEPA 2004b). In 
accordance with USEPA guidance, potential inhalation risk will be estimated by 
combining concentrations predicted in air (in units of mg/m3) with RfCs (in units of 
mg/m3) for non-carcinogenic effects and/or inhalation unit risk factors (in units of 
[μg/m3]-1) for carcinogenic effects (USEPA 2009a). 

For COPCs lacking toxicity values, a toxicity value for a structurally related chemical 
(surrogate) may be used to estimate risk. In addition to being structurally related, ideal 
surrogates would also have a similar toxicological profile (i.e., similar target organs 
and response), although they may display greater or lesser potency than the COPC. 
The potential impact of using surrogate toxicity values on the risk assessment results 
will be discussed in the uncertainty analysis. Any third-tier and surrogate 
dose-response values proposed for inclusion in the baseline HHRA will be submitted 
to USEPA Region 2 for approval prior to their use. 

3.5 RISK CHARACTERIZATION METHODS 
The purpose of the risk characterization is to provide estimates of the potential risk to 
human health from exposure to COPCs at or from a site by receptors at or near a site. 
To accomplish this objective, this section will include quantitative estimates of 
potential carcinogenic and non-carcinogenic risks. 

The results of the exposure assessment will be combined with the results of the 
dose-response assessment to derive quantitative estimates of risk, or the probability of 
adverse health effects following assumed potential exposure to the COPCs. Using the 
EPCs derived in the exposure assessment, each exposure pathway for each receptor 
will be evaluated for both potential carcinogenic and non-carcinogenic effects. The 
baseline risk assessment parameters and results will be presented in USEPA’s RAGS 
Part D (USEPA 2001b). 

3.5.1 Carcinogenic risk characterization 
The purpose of carcinogenic risk characterization is to estimate the upper-bound 
likelihood that a receptor will develop cancer in his or her lifetime as a result of 
exposure to a constituent in environmental media at the site. This likelihood is a 
function of the dose of a constituent (described in the exposure assessment) and the 
toxicity value (the oral CSF or inhalation unit risk factor [described in the toxicity 
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assessment]) for that constituent. The excess lifetime cancer risk (ELCR) is the 
likelihood, over and above the background cancer rate, that an individual will develop 
cancer in his or her lifetime. This likelihood or risk value is expressed as a probability 
(e.g., 10-6, or one cancer case in a population of one million).  

The relationship between the ELCR and the estimated lifetime intake of a chemical 
may be expressed as: 

 ELCR = 1-e-(CSF x Lifetime intake) Equation 3-10 

where: 

ELCR = excess lifetime cancer risk 
CSF = cancer slope factor 

When the product of the CSF and the lifetime intake is much greater than 1, the ELCR 
approaches 1 (i.e., 100% probability). When the product is less than 0.01 (1 chance 
in 100), the equation can be closely approximated by: 

 ELCR = Lifetime intake (mg/kg-day) x CSF (mg/kg-day)-1  Equation 3-11 

where: 

ELCR = excess lifetime cancer risk 
CSF = cancer slope factor 

The product of the CSF and the lifetime intake is unitless, and provides an 
upper-bound estimate of the potential carcinogenic risk associated with a receptor’s 
exposure to that constituent via that pathway. 

For inhalation exposures, the relationship is similar and the ELCR is calculated as 
follows: 

 ELCR = Lifetime EC (mg/m3) x URF (µg/mg3)-1 x 1000 µg/mg  Equation 3-12 

where: 

ELCR = excess lifetime cancer risk 
EC = exposure concentration 
URF = unit risk factor 

Potential carcinogenic risk will be calculated for each receptor by summing across 
multiple chemicals and pathways. In current regulatory risk assessment, it is assumed 
that cancer risks are additive or cumulative, although it is generally accepted that not 
all chemicals with presumed carcinogenic effects act via the same modes of action or 
exert toxicity on the same target endpoint/organ (USEPA 2005b). Pathway and 
area-specific risks will be summed to estimate the total site potential cancer risk for 
each receptor, regardless of the target endpoints of each potentially carcinogenic 
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COPC. A summary of the total cancer risks for each receptor and area will be 
presented.  

For each receptor and area, the total ELCR will be compared to the USEPA’s target 
risk range of 10-4 to 10-6 (one in ten thousand to one in one million). The target risk 
levels used to evaluate risk assessment results are based on USEPA guidance. 
Regarding establishment of target risk levels for evaluating baseline risk assessment 
results, USEPA (1991d) guidance states, “Where the cumulative carcinogenic site risk 
to an individual based on reasonable maximum exposure for both current and future 
land use is less than 10-4, and the non-carcinogenic hazard quotient is less than 1, 
action generally is not warranted unless there are adverse environmental impacts.” 
The guidance further states, “The upper boundary of the risk range is not a discrete 
line at 10-4, although USEPA generally uses 10-4 in making risk management decisions. 
A specific risk estimate around 10-4 may be considered acceptable if justified based on 
site-specific conditions.” 

Thus, a cumulative target risk level of 10-4 will be used to put the cancer risk 
assessment results in context. If the cumulative carcinogenic risk for a receptor is less 
than 10-4, then no further evaluation or action is warranted based on potential 
carcinogenic risks. However, as previously noted, in determining the need for 
remedial action, consideration must also be given to cumulative non-carcinogenic 
risks, as discussed in the following section. 

3.5.2 Non-carcinogenic risk characterization 
The potential for exposure to a constituent to result in adverse non-carcinogenic health 
effects is estimated for each receptor by comparing the chronic intake for each COPC 
with the RfD for that COPC. The resulting ratio, which is unitless, is known as the HQ 
for that chemical. The HQ is calculated using the following equation: 

 
)(mg/kg-dayRfD

/kg-day)Intake (mg Chronic HQ =
 

Equation 3-13 

where: 

HQ = hazard quotient 
Rfd =  reference dose 

For inhalation exposures, the HQ is calculated as follows:  

 
)3(mg/mRfC

)3 (mg/mChronic EC HQ =  Equation 3-14 

where:  

HQ = hazard quotient 
EC = exposure concentration 
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RfC =  reference concentration  

The target HQ is defined as an HQ of less than or equal to one (USEPA 1989b). When 
the HQ is less than or equal to one, the RfD has not been exceeded, and no adverse 
non-carcinogenic effects are expected. If the HQ is greater than one, there may be 
potential for adverse non-carcinogenic health effects to occur; however, the magnitude 
of the HQ cannot be directly equated to a probability or effect level.  

The total hazard index (HI) is calculated for each exposure pathway by summing the 
HQs for each individual chemical. The total site HI will be calculated for each 
potential receptor by summing the HIs for each pathway associated with that receptor. 
If the total site HI is greater than one for any receptor, a more detailed evaluation of 
potential non-carcinogenic effects based on specific health endpoints (i.e., target organ 
segregation) will be performed (USEPA 1989b).  

A summary of HIs for each receptor and area will be presented and compared to the 
USEPA’s target HI of 1. If the cumulative target organ HIs for a receptor are less 
than 1, then no further evaluation or action is warranted based on potential 
non-carcinogenic risks (carcinogenic risks must also be considered as discussed 
above). 

Risk Characterization for Lead 

If lead is a COPC, it is anticipated that exposure and risk characterization for lead in 
environmental media will be evaluated using available pharmacokinetic models, as 
appropriate (e.g., Integrated Exposure Uptake Biokinetic Model for Lead in Children 
(USEPA 1994) and Adult Lead Model (USEPA 2001a, 2003b, 2009b). 

3.6 UNCERTAINTY ANALYSIS METHODS 
Risks to human health cannot typically be measured, but can be estimated by various 
means. Because precisely what health effects (if any) will result from exposure to 
hazardous substances cannot be known, estimates of risk will always be somewhat 
uncertain. It should be noted that because of the conservative assumptions built into 
each step of the process, the risk assessment may overestimate or underestimate risks. 
However, because some chemicals lack toxicity information, human behaviors and 
susceptibilities are variable and uncertain, and not every possible exposure pathway is 
quantified (e.g., nursing infant exposure to breast milk), there may be elements of site 
risk that are underestimated. 

Uncertainty is introduced in each step of the risk assessment process. With each 
assumption made, some level of uncertainty is introduced into the risk assessment. In 
accordance with USEPA guidance (1989b), the points in each step of the risk 
characterization process that introduce the greatest amount of uncertainty in this risk 
assessment will be discussed. This will include a discussion of the key uncertainties 
and their impact on the risk assessment results.  
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Within a population, exposure factors can vary. Parameter variability is an inherent 
reflection of the natural variation within a population (e.g., true differences in fish 
ingestion rates, exposure duration, and body weight). Exposure factors also can be 
uncertain as a result of limited information. Uncertainty represents a lack of perfect 
knowledge about specific variables, models, or other factors, and may result in either 
an overestimate or an underestimate of the cancer risks and non-cancer health 
hazards. Consistent with this recognized variability and the uncertainty associated 
with risk assessment parameters, USEPA guidance does not direct the selection of 
specific parameters. Rather, the establishment of risk assessment parameters requires 
the use of best professional judgment. Using values that differ from those identified by 
USEPA would result in a different risk number. For example, an exposure time of 2.6 
hours per event has been selected to represent LPR recreational swimmers. This time 
is not based on site-specific data, but rather on a default value provided in RAGS Part 
A (USEPA 1989b). The amount of time swimmers may actually spend in the LPR 
could be less or more than the default, and the selection of a different exposure time 
would result in a different calculation of the risk posed by this scenario. As such, there 
is a high level of uncertainty associated with the swimming scenario. 

Throughout the rest of this section, the significant sources of uncertainty in three of the 
four risk assessment steps (i.e., exposure assessment, toxicity assessment, and risk 
characterization) will be discussed, including the strengths, limitations, and 
uncertainties inherent in key scientific issues and science policy choices. 

The evaluation of uncertainties may include qualitative or quantitative methods, such 
as probabilistic risk assessment, depending on the quantity and quality of available 
data. Probabilistic risk assessment is a group of statistical techniques that allows 
quantitative analysis of variability and uncertainty to be incorporated into exposure 
and/or risk assessments (USEPA 2001c, 2009c). The quantitative analysis of 
uncertainty and variability provides another means of characterizing risk (USEPA 
2001c). Probabilistic risk assessment is typically part of a tiered approach that builds 
on the results of the point estimate risk assessment, and focuses on the key exposure 
scenarios and chemicals that drive site risk (USEPA 2001c). As recommended by 
USEPA guidance, the need for and scope of a probabilistic risk assessment will be 
considered after completion of the deterministic risk assessment.  

Consistent with USEPA guidance (USEPA 2001c), a work plan detailing exposure 
distributions and planned analyses will need to be submitted to and approved by 
USEPA before any probabilistic risk assessment is conducted. 

3.6.1 Data evaluation and COPC selection 
Some of the major areas of uncertainty in data evaluation and COPC selection that will 
be addressed include:  

 Adequacy and quality of the analytical data used in the risk assessment 
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 Effect of data handling for non-detect results in the calculation of sums for key 
COPCs, such as PCBs and PCDDs/PCDFs, on risk estimates (non-detect results 
will be handled statistically, as agreed with USEPA) 

 Ability of the COPC-selection process to appropriately retain potential risk 
drivers and eliminate chemicals unlikely to contribute significantly to site risk, 
including exclusion of chemicals that are never detected 

3.6.2 Toxicity assessment 
Toxicity assessments for carcinogenic and non-carcinogenic effects share many of the 
same sources of uncertainty. Because of this uncertainty, USEPA-derived toxicity 
values are developed to protect human health. Several of the more important sources 
of uncertainty that will be addressed include:  

 Animal-to-human extrapolations 

 Processes for evaluating carcinogenic dose response  

 Potential contribution from early-life exposures to lifetime risk (USEPA 2005c) 

 Potential risk from COPCs that lack verified USEPA toxicity criteria and use of 
surrogate toxicity values  

3.6.3 Exposure assessment 
The exposure assessment process is inherently uncertain, inasmuch as assumptions 
must be made about individuals’ behaviors and choices that bring them into contact 
with site media. Several of the more important sources of uncertainty that will be 
addressed include:  

 Assumptions about potential receptors and the frequency, duration, and 
magnitude of potential exposures, including surface areas exposed, sediment 
adherence rates, intake rates, and chemical-specific parameters including 
absorption factors and dermal PCs 

 Methods and assumptions used to derive EPCs for media with measurement 
data, including treatment of non-detect results, effect of sample type, and 
temporal and spatial representativeness of data 

 Methods and assumptions used to model concentrations in media where 
measurement data are lacking (e.g., air) or when estimates of future media 
concentrations are needed 

 Assumptions about tissue types consumed and preparation and cooking 
practices, and associated impact on fish and crab exposure doses, including a 
qualitative comparison of muscle-only and hepatopancreas-only tissue data 
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3.6.4 Risk characterization 
The major areas of uncertainty in the risk characterization process that will be 
addressed include:  

 The evaluation of potential exposure to multiple constituents  

 The combination of upper-bound exposure estimates with upper-bound 
toxicity estimates 

 Risks to sensitive subpopulations, including homeless/transient populations 

 Characterizing the relative contributions of background sources of site-related 
chemicals to total site risks (USEPA 2002b, e)  

 Background risks associated with other sources  

3.6.5 Summary of uncertainties 
The major uncertainties in the baseline HHRA will be summarized. The purpose of the 
uncertainty analysis is to identify the most important factors that affect confidence in 
the results of a risk assessment. By identifying the most critical data gaps, future 
efforts can be focused on better defining those areas that introduce the most 
uncertainty into the assessment. In addition, when making risk management decisions 
based on the results of a baseline risk assessment, it is critical that there is a thorough 
understanding of the major areas of uncertainty, the conservatism associated with the 
analysis, and the significance of the data gaps identified. 
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1 Introduction 

This appendix presents the processes and criteria that will be used to identify 
chemicals of potential concern (COPCs) and chemicals of potential ecological concern 
(COPECs) for evaluation in the baseline human health risk assessment (HHRA) and 
baseline ecological risk assessment (BERA), respectively, for the 17.4-mile Lower 
Passaic River Study Area (LPRSA) Remedial Investigation/Feasibility Study (RI/FS). 
This appendix is one of several technical documents that the Cooperating Parties 
Group (CPG) has developed in accordance with the approved LPRSA Human Health 
and Ecological Risk Assessment Streamlined 2009 Problem Formulation (Windward and 
AECOM 2009), hereafter referred to as the Problem Formulation Document (PFD), to 
assist in planning for the baseline risk assessments. The other related technical 
documents that will support the risk assessments for the LPRSA RI/FS include: 

 Revised Risk Analysis and Risk Characterization for the Lower Passaic River Study 
Area, hereafter referred to as the Revised RARC Plan (main document) 

 Revised Data Usability and Data Evaluation Plan for the LPRSA Risk Assessments 
(Windward and AECOM [in prep]), hereafter referred to as the Revised Data 
Usability Plan  

 LPRSA Ecological Toxicity Reference Value Selection Deliverable (Windward [in 
prep]), hereafter referred to as the Toxicity Reference Value (TRV) Deliverable 

A multi-step risk-based screening process will be used to identify the COPCs and 
COPECs to be evaluated in the baseline risk assessments. COPCs and COPECs are a 
subset of the complete list of chemicals detected in site media that are retained for 
quantitative evaluation in the risk assessments. The screening process is intended to 
identify: 1) chemicals that pose negligible risks and can be eliminated from further 
evaluation, and 2) chemicals that warrant further evaluation based on their potential 
to adversely affect humans and/or ecological receptors (i.e., COPCs and COPECs). All 
COPCs and COPECs identified as a result of the screening process will be evaluated in 
the baseline risk assessments, which will identify those COPCs and COPECs that are 
significant contributors to site-specific risks. Chemicals detected in site media but not 
identified as COPCs or COPECs will be discussed in the uncertainty sections of the 
baseline risk assessments.  

The Revised Data Usability Plan (Windward and AECOM [in prep]) outlines the 
process that will be used to define the risk assessment dataset, including the rules that 
will be used to reduce data, create sums, conduct data analyses, and the requirements 
for validation. The risk assessment dataset as described by the Revised Data Usability 
Plan will be used to conduct the screen as part of the baseline HHRA and BERA 
process. 
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US Environmental Protection Agency (USEPA) guidance (2002b) recommends that 
site-specific background and urban regional reference conditions be evaluated during 
the risk characterization step of the baseline risk assessments. The Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) does not 
require remedial cleanup to concentrations below natural or anthropogenic 
background levels (USEPA 2002a, b). Chemical concentrations in sediments that are 
influenced by background concentrations are difficult, if not impossible, to manage on 
a site-specific basis because sediments remediated to below background levels are 
invariably recontaminated (USEPA 2002b). Although the comparison of LPRSA 
chemical concentrations to background and urban regional reference concentrations 
will not be performed as an explicit step to screen out COPCs or COPECs, a 
comparison of COPC and COPEC concentrations to background and urban regional 
reference values will be discussed in the risk characterization sections of the risk 
assessments. A technical memorandum detailing the approach for defining 
background and urban regional reference conditions will be submitted to USEPA 
following a review of available data and ongoing discussions between USEPA and 
CPG.  

The remainder of this appendix is organized as follows: 

 Section 2 presents the process that will be used to identify COPECs for 
evaluation in the BERA. 

 Section 3 presents the process that will be used to identify COPCs for 
evaluation in the baseline HHRA. 

The two sections are organized slightly differently to account for multiple receptor 
evaluations for the BERA and one receptor for the HHRA. 
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2 BERA COPECs 

This section presents the risk-based screening process that will be conducted to 
identify COPECs for each of the selected ecological receptor groups in the BERA. The 
COPEC selection process is media-specific and is presented separately in this section 
for each of the following media types:  

 Surface sediment (Section 2.1) 

 Surface water (Section 2.2) 

 Tissue (Section 2.3) 

The screening process for each of these media has the following steps in common: 

 Only those chemicals detected at least once in sediment, surface water, or tissue 
in the LPRSA risk assessment dataset will be considered chemicals of interest 
(COIs) for that medium and therefore be subject to screening. 

 All data determined to be acceptable for use in the LPRSA risk assessment 
dataset as outlined in the Revised Data Usability Plan (Windward and AECOM 
[in prep]) will be evaluated as part of the COPEC screening process and used to 
determine COIs.  

 A step in the screening process is used to account for COIs with elevated 
reporting limits (RLs).1  

 Screening levels protective of ecological receptors are presented in the TRV 
Deliverable (Windward [in prep]).  

 If the maximum detected concentration of a COI exceeds the screening-level 
value, the COI will be considered a COPEC. Screening-level values are medium 
and receptor group specific. The result is a set of COPEC-receptor pairs to be 
evaluated in the BERA. 

Because the LPRSA risk assessment dataset has not yet been established, preliminary 
COIs will be identified for the purpose of deriving TRVs as described in the TRV 
Deliverable (Windward [in prep]). Preliminary COIs will be used to identify chemicals 
for which TRVs will be developed; this list will be refined in the BERA based on the 
LPRSA risk assessment in order to conduct the COPEC screening process outlined in 

 
1 COIs with more than 10% of RLs exceeding screening levels will be discussed in the BERA uncertainty 

section. The intent of this uncertainty evaluation is to identify analytes for which there is uncertainty 
associated with the sensitivity of the analytical methods. In addition to issues with analytical methods, 
there are sample-specific issue results in elevated RLs (i.e., sample dilutions and matrix interferences), 
which will be evaluated if sufficient numbers of RLs are elevated. A small number of samples with 
elevated RLs will not introduce substantial uncertainty to the analysis, particularly for chemicals that 
are frequently detected. 
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this section. This COPEC selection process will identify the COPEC-receptor pairs to 
be evaluated in more detail using more realistic assumptions, as well as the pairs for 
which no additional analysis is warranted.  

One or more of these media types will be used to evaluate risks to each of the 
following ecological receptor groups: zooplankton, benthic invertebrates, fish, aquatic 
plants, and amphibians and reptiles. All surface sediment, surface water, and 
fish/invertebrate tissue data determined to be acceptable for use in the risk assessment 
will be included in the COPEC selection process.  

Risks to birds and mammals will be evaluated based on a dietary assessment, in which 
dietary-doses will be modeled using prey tissue and sediment data. Dietary COPECs 
will be identified based on a comparison of maximum dietary doses (estimated using 
maximum sediment and tissue concentrations) to screening-level TRVs. The dietary 
chemicals that will be evaluated for birds and mammals will be defined as all 
chemicals detected in tissue. 

2.1 SCREENING PROCESS FOR IDENTIFYING SURFACE SEDIMENT COPECS  
Receptor groups exposed to COPECs through direct contact with surface sediments 
(0 to 15 cm) include: 

 Benthic invertebrates 

 Aquatic plants 

 Amphibians 

 Reptiles 

 Fish 

Sediment COPECs will be identified for benthic invertebrates and aquatic plants only. 
Sediment COPECs will not be identified for amphibians or reptiles, inasmuch as there 
are relatively few data available to develop toxicity screening values for amphibians 
and reptiles exposed to chemicals in either sediment or soil. Screening for COPECs for 
amphibians and reptiles will be conducted using only surface water data (Section 2.2). 
Sediment COPECs will not be identified for fish because the evaluation of uptake from 
sediment to fish is incorporated as part of the tissue evaluation (Section 2.3) and 
dietary assessment. COPECs for surface sediment will be identified according to the 
process outlined in Figure 2-1.  
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Figure 2-1. Surface sediment COPEC screening process 

Sediment COIs that are detected in 5% or less of the samples may also be retained as 
COPECs when several samples with detected concentrations are located in close 
proximity. This step will account for COIs that are infrequently detected but for which 
spatial patterns of elevated concentrations may indicate localized areas of 
contamination. The preliminary list of sediment COPECs may be further refined on an 
exposure-area basis by considering receptor-specific exposure assumptions (e.g., 
habitat type) within a given area. In addition, COIs with no available sediment 
screening levels will be retained for further evaluation in the uncertainty section of the 
BERA. 
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2.2 SCREENING PROCESS FOR IDENTIFYING SURFACE WATER COPECS 
Receptor groups exposed to COPECs through direct contact with surface water 
include: 

 Zooplankton 

 Benthic invertebrates 

 Fish 

 Aquatic plants 

 Amphibians 

 Reptiles 

COPECs for surface water will be identified for all of these receptor groups using the 
same process as that outlined for surface sediment in Figure 2-1, with the exception 
that an evaluation of localized areas of elevated concentrations will not be performed. 
Surface water COIs with no available screening levels will be retained for further 
evaluation in the uncertainty section of the BERA. 

2.3 SCREENING PROCESS FOR IDENTIFYING TISSUE COPECS 
Risks to the following receptor groups will be evaluated using a critical tissue-residue 
(CTR) approach or a dietary approach, depending on the COPEC: 

 Benthic invertebrates 

 Fish  

Fish and avian egg tissue COPECs will be identified based on estimated egg tissue 
COI concentrations. Tissue COPEC-receptor pairs for selected COPECs within these 
receptor groups will be identified according to the process outlined in Figure 2-2.  
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Figure 2-2. Tissue COPEC screening process 

All whole-body tissue COIs will be screened to identify COPECs, with the exception of 
some metals (in fish and invertebrates) and polycyclic aromatic hydrocarbons (PAHs) 
in fish. Metals (other than mercury and selenium) and PAHs will not be evaluated in 
the CTR line of evidence for fish because fish readily metabolize PAHs and 
biologically regulate their body burden of metals. These chemicals will be addressed 
through the dietary and surface water assessment of fish. Likewise, invertebrates 
regulate their body burdens of metals and therefore metals (excluding mercury and 
selenium) will not be evaluated in the CTR line-of-evidence for invertebrates. Rather, 
these chemicals will be addressed through the assessment of surface water and 
sediment lines-of-evidence for benthic invertebrates.  

A tissue COI will be retained as a COPEC on a receptor-specific basis if its maximum 
detected concentration is greater than its respective tissue TRV (represented by a 
CTR). Tissue COIs with no available CTRs will be retained for evaluation in the 
uncertainty section of the BERA. 

2.4 BERA COPEC SUMMARY 
COPECs will be identified by media type and, if applicable, receptor, for evaluation in 
the BERA. The BERA will present COPECs by media type (and receptor group or focal 
species) in tabular format, with the rationale for inclusion or elimination clearly stated, 



 

 

 

 

DRAFT 

LPRSA Revised RARC Plan 
Appendix A 

October 29, 2013 
8 

 

and appropriate uncertainties discussed. The spatial distribution of COPEC 
concentrations will be further evaluated in the BERA, and BERA risk estimates will 
incorporate receptor-specific exposure areas and site use factors for the evaluation of 
risks to populations or communities of ecological receptors. 
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3 HHRA COPCs 

This section presents the methods that will be used to identify COPCs across all media 
for evaluation in the LPRSA HHRA. The selection of COPCs identifies those chemicals 
observed in site media that are the most significant contributors to human health risk 
(USEPA 1993, 1989).  

The HHRA COPC selection process will be conducted for the following media:  

 Surface sediment2  

 Surface water 

 Fish and crab tissue 

The LPRSA risk assessment dataset that will be established in accordance with the 
process outlined in the Revised Data Usability Plan (Windward and AECOM [in 
prep]) will be used to select COPCs for the baseline HHRA.  

The COPC selection process for all media being evaluated in the HHRA is presented 
in Figure 3-1 and is consistent with current USEPA guidance (USEPA 1989).  

 
2 As defined in the PFD (Windward and AECOM 2009), surface sediment for the HHRA is considered 

the upper 6 in. (0 to 15 cm) of mudflat/intertidal sediment and nearshore river sediment. 
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Figure 3-1. HHRA COPC selection process 
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The COPC selection process will be conducted on an LPRSA site-wide basis. 
Chemicals that are detected at least once in a medium will be sequentially screened as 
detailed below and in the following subsections. 

The COPC screening steps are as follows: 

1. Identify chemicals that are essential nutrients. 

2. Identify detected chemicals that are known human carcinogens. 

3. Evaluate frequency of detection. 

4. Compare maximum concentrations to health risk-based screening levels.  

These COPC screening steps are consistent with the process outlined in the Pathway 
Analysis Report (PAR) (Battelle 2005). Tables documenting the COPC selection 
process for each medium will be presented in the baseline HHRA report, with the 
rationale for inclusion or elimination clearly stated. 

3.1 IDENTIFYING CHEMICALS THAT ARE ESSENTIAL NUTRIENTS  
Chemicals identified as essential nutrients (i.e., calcium, iron, magnesium, sodium, 
and potassium) will not be included as COPCs (USEPA 1989).  

3.2 EVALUATING THE FREQUENCY OF DETECTION 
Each chemical will undergo a frequency-of-detection screen by medium, provided that 
at least 20 sample results are available. A chemical detected in more than 5% of the 
samples will be retained as a COPC. As directed by USEPA Region 2, a detected 
chemical classified by USEPA as a known carcinogen will be retained as a COPC, 
regardless of its concentration. A chemical detected in 5% or fewer of the samples may 
be retained as a COPC (USEPA 1989) only if one or more of the following conditions 
are met: 

 Detected chemical concentrations indicate the presence of localized areas with 
elevated concentrations3  

 Chemical is a degradation product, parent, or companion of another chemical 
that is detected in more than 5% of the samples in that medium 

Chemicals not identified as COPCs based on low detection frequency (i.e., < 5%) but 
for which RLs exceed screening levels for more than 10% of samples will be discussed 
in the uncertainty section of the HHRA only. 

 
3 Potential localized areas with elevated concentrations will be determined through a spatial evaluation 

of the occurrence of detected concentrations to ensure that chemicals detected in fewer than 5% of 
samples are not prematurely eliminated as COPCs if the detected concentrations are localized and 
high.  
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3.3 COMPARING CONCENTRATIONS TO TOXICITY (HEALTH-BASED) SCREENING 
LEVELS  

The next step of the COPC selection process will be to compare the site-wide 
maximum detected concentrations for each chemical in each medium to the toxicity 
(health-based) screening level. If a screening level is not available for a chemical, an 
appropriate surrogate based on structural or toxicological similarities will be 
identified. Any screening levels proposed as surrogates for COPC screening will be 
submitted to USEPA Region 2 for approval prior to their use. 

Chemicals for which no appropriate surrogate can be identified will not be identified 
as COPCs, but will be discussed in the uncertainty section. A chemical with a 
site-wide maximum detected concentration above its screening level will be retained 
as a COPC. The screening levels that will be used in this comparison are discussed, by 
medium, in the following subsections. The most current sources of health risk-based 
screening levels approved by USEPA’s Superfund Health Risk Technical Support 
Center available at the time that the selection of COPCs is performed will be used.  

3.3.1 Surface sediment 
Currently, very few human health risk-based screening levels are available for 
sediment. Those available are based on bioaccumulation in fish and do not account for 
direct contact exposures (e.g., New York State Department of Environmental 
Conservation human health sediment criteria (NYDEC 1999) and Oregon Department 
of Environmental Quality sediment screening values for human health (ODEQ 2007)). 
Because COPCs in biota will be selected directly from site-specific fish and crab tissue 
data, screening sediment based on potential bioaccumulation in tissue is not 
necessary. In the absence of a comprehensive set of health risk-based sediment 
screening levels based on direct contact exposures, current USEPA regional screening 
levels (RSLs) (USEPA 2010b) for residential soil will be used to identify COPCs in 
surface sediment.  

USEPA residential soil RSLs are risk-based concentrations (RBCs) that are based on a 
target risk of 1 x 10-6 and a target hazard quotient (HQ) of 1 and derived assuming a 
conservative residential exposure scenario (e.g., adult and child incidental soil 
ingestion, dermal and inhalation exposure to soil for 350 days/year for 30 years). 
While residential soil screening levels are overly conservative for the selection of 
COPCs for river sediment with which humans may come into contact only 
occasionally, they are routinely used for selecting sediment COPCs at Superfund sites. 
The RSLs for non-carcinogenic chemicals will be divided by 10 to adjust to a target HQ 
of 0.1 to account for potential additivity of chemicals with the same toxic endpoint 
(USEPA 1993, 2010b).  
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Because of the areal extent of the LPRSA, the preliminary list of site-wide COPCs in 
surface sediment may be further refined on an exposure-area basis by comparing 
maximum detected concentrations with the sediment screening levels. Concentrations 
and distributions of preliminary COPCs in surface sediment will be evaluated based 
on the spatial scale of the data in the identified exposure areas.4 Chemicals with 
exposure area-specific maximum concentrations below the sediment screening levels 
will not be retained as COPCs for that exposure area. Exposure area COPC 
refinements will be submitted for approval by USEPA before implementation. 

3.3.2 Surface water 
As with sediment, a comprehensive set of human health risk-based surface water 
screening levels based on occasional direct contact exposures is not available. In the 
absence of surface water screening levels based on direct contact exposures, USEPA 
routinely uses RSLs for tap water (USEPA 2010b) to identify surface water COPCs. As 
with the RSLs for residential soil described in Section 3.3.1, the RSLs for tap water are 
RBCs based on a target risk of 1x10-6 and a target HQ of 1 and derived assuming a 
conservative residential drinking water exposure scenario (e.g., adult and child 
ingestion and volatile organic compound inhalation exposure for 350 days/year for 
30 years). The RSLs for non-carcinogenic chemicals will be divided by 10 to adjust to a 
target HQ of 0.1 and account for potential additivity of chemicals with the same toxic 
endpoint (USEPA 1993, 2010b). 

If the spatial distribution of data is sufficient, refinement of COPC selection for surface 
water may be performed on an exposure-area basis.5 Exposure area COPC refinements 
will be submitted for approval by USEPA before implementation. 

3.3.3 Fish and crab tissues 
USEPA Region 3 human health-based fish tissue regional screening levels (USEPA 
2010a) will be used to identify COPCs in fish and crab tissues. The Region 3 fish tissue 
RSLs were derived using a fish consumption rate of 54 g/day. Although this 
consumption rate is overly conservative for the LPRSA, the use of conservative fish 
tissue RSLs for the selection of edible tissue COPCs is health-protective and will 
ensure that all chemicals that may be of concern are included in the risk assessment. 
The RSLs for non-carcinogenic chemicals will be divided by 10 to adjust to a target HQ 
of 0.1 and account for potential additivity of chemicals with the same toxic endpoint 
(USEPA 1993, 2010b). COPC screening for fish and crab tissues will be performed on a 
species-specific (or group-specific, if appropriate) basis. As agreed with USEPA 
Region 2, chemicals identified as tissue COPCs but not detected in sediment will be 
discussed with USEPA prior to evaluation in the HHRA. 

 
4 Human health exposure areas are identified in Section 3.3 of the main document. 
5 Human health exposure areas are identified in Section 3.3 of the main document. 
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3.4 HHRA COPC SUMMARY 
COPCs will be identified by media and, if applicable, exposure area, for evaluation in 
the HHRA. The baseline HHRA report will present all findings documenting the 
COPC selection process in the tables and worksheets found in Part D of the Risk 
Assessment Guidance for Superfund (USEPA 2001).  
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1 Introduction 

This appendix provides the definitions for both background and reference area 
information1 and describes how inputs of hazardous substances to the Lower Passaic 
River (LPR) Superfund site from non-site-related sources, defined herein as regional 
background, will be quantified and characterized in the baseline ecological risk 
assessment (BERA) and the human health risk assessment (HHRA). In addition, this 
appendix provides examples of the types of background and reference datasets that 
are available for comparison with LPRSA data. The definitions and approach reflect 
discussions between the Cooperating Parties Group (CPG) and US Environmental 
Protection Agency (USEPA) and the Partner Agencies,2 as well as specific guidance 
authored by the USEPA and provided to the CPG on June 28, 2013 (see 
Attachment B-1).  

The Lower Passaic River Study Area (LPRSA) is a highly urbanized watershed that 
has historically received inputs of industrial and municipal wastes since the mid-19th 
century. The LPRSA has also been subject to a wide variety of physical changes and 
stressors (e.g., chemical, biological) resulting in deleterious effects on the overall 
ecological “health” of the river. These historical changes and the introduction of 
stressors have resulted in widespread loss of habitat and biodiversity, the 
accumulation of chemicals in river sediments and biota, and negative impacts on 
water quality—the cumulative effects of which have substantially degraded the 
ecosystems within and in the vicinity of the LPRSA and severely limited its potential 
use by humans. The input of water and suspended particulates into the LPRSA from 
areas not influenced by the Site also contributes to the presence of hazardous 
substances and other stressors in the LPRSA, each of which has a corresponding 
contribution to the overall risks posed to humans and ecological receptors. 

The LPRSA is the subject of a remedial investigation/feasibility study (RI/FS), which 
includes the performance of an HHRA and BERA in accordance with federal 
ecological risk assessment guidance (ERA) (USEPA 1998, 1997) and HHRA guidance 
(USEPA 1989, 1991a, b, 2001a, b, 2004a, b, 2009). Although the primary focus of the 
RI/FS is historically contaminated sediment within the LPRSA, it is also important to 

 
1 Reference area information (also termed reference information) was previously called reference 

conditions. The interchangeable terms reference area information and reference information 
(depending on how the term is used in the sentence) are now used in place of reference conditions to 
be consistent with EPA’s definitions letter (Attachment B-1). 

2 The Partner Agencies include the US Army Corps of Engineers (USACE), the New Jersey Department 
of Environmental Protection (NJDEP), the New Jersey Department of Transportation (NJDOT), the 
National Oceanic and Atmospheric Administration (NOAA), and the US Fish and Wildlife Service 
(USFWS). 
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acknowledge other potential sources of hazardous substances and environmental 
stressors to the LPRSA from surface water and associated suspended solids that enter 
the LPRSA from 1) the watershed above Dundee Dam; 2) tributaries to the LPRSA; 3) 
combined sewer overflows (CSOs), sanitary sewer overflows (SSOs), and point source 
discharges, including stormwater outfalls; and 4) tidal inputs from Newark Bay. These 
additional inputs need to be characterized separately from the historically 
contaminated LPRSA sediment.  

Conceptual site models (CSMs) of the LPRSA presented in summary reports and 
planning documents (e.g., Battelle (2005), Windward Environmental LLC [Windward] 
and AECOM (2009), Malcolm Pirnie [MPI] (2007a, b), and MPI et al. (2005)), as well as 
USEPA guidance and recommendations (USEPA 2002, 2008), recognize that conditions 
within the LPRSA and ongoing inputs of chemical and environmental stressors 
originating from areas both inside and outside the LPRSA need to be taken into 
account during the risk assessment and remedial decision-making processes. 

Figures 2-2, 2-3, 2-4, and 3-1 of the revised risk analysis and risk characterization 
(RARC) plan (the main document in which this appendix will appear) depict the 
LPRSA CSM components and the various routes by which receptors within the LPRSA 
can be exposed to site-related and non-site-related hazardous substances. One of the 
challenges of the HHRA and BERA is to quantify and differentiate potential risks 
associated with exposures to Comprehensive Environmental Response, Compensation 
and Liability Act (CERLCA; 42 USC 9601 - 9675) hazardous substances (42 USC 
9601[14]) corresponding to each of the sources and pathways depicted in the CSM, 
from those that may be associated with regional anthropogenic background inputs 
into the LPRSA. Moreover, within the BERA, it will be necessary to distinguish 
impacts on biota caused by exposure to CERCLA hazardous substances from impacts 
from exposure to other stressors, including physical stressors. Consequently, there are 
unique data needs associated with developing a comparative evaluation of 
contributions from the various sources of chemical and abiotic stressors (e.g., habitat 
characteristics) within the risk characterization.
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2 Use of Background Data and Reference Information  

In 2011, the CPG met with USEPA to begin discussing the development of an 
approach for establishing regional background concentrations and reference 
information for the LPRSA. As part of these initial discussions, USEPA asked the CPG 
to evaluate whether existing regional data could be used to define a regional 
background and to populate a reference information dataset. The CPG provided 
USEPA with a proposed process that could be used to examine regional datasets in 
order to determine the extent to which the existing data could be used in risk 
characterization. The review of existing datasets included evaluating whether the 
quantity and quality of the data were sufficient to characterize regional background 
concentrations and identifying areas from which data could be used to define 
reference information for the freshwater and estuarine portions of the LPRSA. The 
review was summarized in Appendix B to the draft RARC that was delivered to 
USEPA April 13, 2012 (Windward and AECOM [in prep]).  

The purposes of this section are to 1) present definitions for the terms “reference 
information” and “background data” provided by USEPA for use during the RI/FS 
being conducted for the 17.4 miles of the Passaic River that comprise the LPRSA, 2) 
outline how this information and data are to be used in the BERA and HHRA per 
USEPA direction, and 3) describe the specific reference and background areas 
identified for use in the BERA and HHRA. The definitions and use of background data 
and reference information presented in this appendix are consistent with definitions 
provided to CPG by USEPA on June 28, 2013 (Attachment B-1).  

In agreement with USEPA, the information available in existing regional datasets for 
surface sediment chemistry, surface water chemistry, and tissue chemistry in 
freshwater and estuarine areas from Delaware Bay to southern New England were 
evaluated to determine if these data were sufficient and appropriate to define a 
regional background dataset for the LPRSA. These data sources were evaluated to 
define regional background consistent with USEPA’s (2002) definition of “constituents 
or locations that are not influenced by the releases from a site but represent an 
influence on the site.” Background for LPRSA is defined for sediment, surface water, 
tissue, and fish health assessments. 

The available regional datasets for freshwater and estuarine areas were also used to 
determine reference information for the LPRSA. These data sources were evaluated to 
define reference information consistent with USEPA’s (2002, 2005) definition of “level 
of impact associated with substances present in the environment as a result of human 
activities that should be differentiated from effects from site releases.” Earlier USEPA 
documentation (1994) defines reference conditions as “the least impacted area of the 
Site or a nearby site that is ecologically similar but not affected by the Site’s 
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contaminants.” Reference information is defined for benthic toxicity and benthic 
community. 

The definitions and use of background and reference by USEPA are presented below 
and reflect discussions between the CPG and USEPA (Attachment B-1). 

2.1 BACKGROUND  
Background is defined by USEPA (2002) as “Substances or locations that are not 
influenced by the release from a site and are usually described as naturally occurring 
or anthropogenic: (1) Naturally occurring substances are present in the environment in 
forms that have not been influenced by human activity, (2) Anthropogenic substances 
are natural and human-made substances present in the environment as a result of 
human activities (not specifically related to the CERCLA site in question).” 
Furthermore, USEPA describes background and reference areas as “The area where 
background samples are collected for comparison with samples collected on site. The 
reference area should have the same physical, chemical, geological, and biological 
characteristics as the site being investigated, but has not been affected by the activities 
on the site.” Similar definitions are identified in the New Jersey Department of 
Environmental Protection’s (NJDEP’s) ecological risk assessment guidance.3 All of the 
definitions provided by USEPA identify background as concentrations of 
contaminants in environmental media. Therefore, for the purposes of the BERA and 
HHRA, background will refer to concentrations of contaminants found in the surface 
water, sediment, and tissue collected from background locations.  

2.2 REFERENCE  
Per Attachment B-1, USEPA states “ecological risk assessments at Superfund sites 
estimate the adverse effects of chemical contaminants on the plant and animal life 
inhabiting the area associated with the site. This process depends on the collection of 
data from the impacted areas of the Superfund site; however, these data alone often 
cannot show whether adverse ecological effects have already occurred, or might still 
occur, as a result of site contamination. Therefore, to evaluate actual impacts or likely 
ecological risks more completely, site data are typically compared to data that 
represent reasonable expectations for the site. These data are commonly referred to as 
reference information (USEPA 1994).” Reference samples may also be collected from a 
reference site.4 Reference sites should match the Superfund site, to the extent 

 
3 “Background area” means a habitat similar to the habitat being assessed, but one that is outside of the 

influence of the site discharge (NJDEP 2012). “Background contamination” means representative 
contaminant levels in the immediate area of the site that are not attributable to the site discharge itself, 
and that originate from either natural sources (i.e., not man-made) or off-site discharges 
(i.e., man-made discharges not related to the site). These background contaminant concentrations are 
generally derived by collecting samples in the background area, avoiding hot spots (NJDEP 2012). 

4 USEPA defines a reference area as “a relatively uncontaminated site used for comparison to 
contaminated sites in environmental monitoring studies” (USEPA 1997), and NJDEP defines a 
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practicable, in as many aspects as possible (e.g., total organic carbon, grain size), 
except for levels of site-related contamination. 

During the August teleconference, USEPA confirmed that of the multiple definitions 
or descriptions of reference information, the following best describes their view of the 
definition of reference: 

 Reference information is used to evaluate actual impacts or likely ecological risks 
more completely, site data are typically compared to data that represent 
reasonable expectations for the site. 

2.3 DESCRIPTIVE TERMS  
USEPA’s memorandum (Attachment B-1) provided additional characteristics that can 
be used to describe types of background and reference areas. These include, but are 
not limited to, freshwater, estuarine, marine, urban, industrial, non-industrial, and 
rural. These terms describe the characteristics of the dataset and not the dataset itself. 
For example, a dataset that contains information on typical sediment concentrations 
from an industrially influenced area would be termed “background from an industrial 
area,” as opposed to “industrial background.”  

2.4 USE  
USEPA’s memorandum (Attachment B-1) provided examples of use. The preferred 
use of reference and background information is to compile data from representative 
locations (i.e., same or similar physical, chemical, geological, and biological 
characteristics but not affected by the activities on the site) in order to develop a range 
of values that can be compared with data collected from within the study area. 
Background and reference information will not be used to negate or subtract from the 
calculated quantitative site risk estimates. However, understanding the contribution of 
background concentrations to risks associated with CERCLA releases is expected to be 
important for refining specific cleanup levels for COCs that warrant remedial action 
(USEPA 2002). 

2.5 DATA SOURCES 
In August 2013, the CPG and USEPA met by teleconference to discuss background 
and reference definitions and sources of available data that could be used to define 
background and reference conditions. USEPA considers data sources for Jamaica Bay 
and Mullica River (including Great Bay), along with the 2012 data that the CPG 
collected from above Dundee Dam, sufficient for the purpose of defining background 
and reference information for the LPRSA. One limitation of the Jamaica Bay and Great 
Bay datasets is the low number of tissue samples for species of interest to the LPRSA. 

 
reference area as “a habitat similar to the habitat being assessed but which is not contaminated. The 
reference area may or may not be within the background area” (NJDEP 2012). 
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The CPG recommended supplementing the Jamaica Bay and Great Bay tissue datasets 
with tissue data for fish and crab collected in the lower harbor of the New York/New 
Jersey Harbor estuary. This recommendation is currently under review by USEPA.  

The following areas will be used for background and reference information for the 
LPRSA: 

 Freshwater background (urban habitat) – Existing CPG data collected upstream 
of Dundee Dam 

 Freshwater background (rural habitat) – Existing Mullica River data 

 Freshwater reference (urban habitat) – Existing CPG data collected upstream of 
Dundee Dam 

 Freshwater reference (rural habitat) – Existing Mullica River data 

 Estuarine background (urban habitat) – Existing Jamaica Bay data (the inclusion 
of fish and crab tissue data from the lower portion of the New York/New Jersey 
Harbor estuary is currently pending USEPA review) 

 Estuarine background (urban habitat) – Existing Great Bay and estuarine portion 
of the Mullica River data 

 Estuarine reference (urban habitat) – Existing Jamaica Bay data 

 Estuarine reference (urban habitat) – Existing Great Bay and estuarine portion of 
the Mullica River data 

Table 1 summarizes the types of background and reference information that will be 
compiled for each assessment endpoint evaluated in the BERA, per the 
USEPA-approved problem formulation document (PFD) (Windward and AECOM 
2009). For the HHRA, the background chemistry data types (i.e., surface water, surface 
sediment, crab [edible soft tissue], and fish [fillet]) will be compared with comparable 
LPRSA data types in order to facilitate an understanding of the contribution of 
regional background to the risks posed to human receptors from exposure to LPRSA 
chemicals of potential concern (COPCs). The risk characterization will include a 
discussion of elevated background concentrations of COPCs and their contribution to 
site risks (USEPA 2002). Table 2 summarizes, and Figure 1 presents, the background 
and reference areas. 
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Table 1. Proposed use of background and reference information in the LPRSA risk assessments 
Risk Assessment Evaluation 

BERA Evaluation: Risk 
Assessment Endpoint or 

Receptor/Scenario Description of Measurement Endpoint Data Type 
Background or Reference 

Information 
Assessment Endpoint No. 
1 – Maintenance of 
zooplankton communities 
that serve as a food base for 
juvenile fish 

Measurement Endpoint No. 1a – Chemical concentrations in surface 
water collected from relevant exposure areas as compared with toxicity-
based values (i.e., aquatic thresholds). 

surface water 
chemistry background data 

Assessment Endpoint No. 
2 – Protection and 
maintenancea of the benthic 
invertebrate community, both 
as an environmental 
resource in itself and as one 
that serves as a forage base 
for fish and wildlife 
populations 

Measurement Endpoint No. 2a – Community structure data (e.g., total 
invertebrate abundance, species richness, and abundance of species or 
specific taxonomic groups) as compared with appropriate regional 
background datasets using diversity indices, multivariate, and spatial 
statistical techniques 

benthic invertebrate 
community structure 
data 

reference information data 

Measurement Endpoint No. 2b – Chemical concentrations in laboratory-
exposed benthic infaunal invertebrate tissues (Nereis virens in the 
estuarine portion and Lumbriculus variegatus in the freshwater portion) 
exposed to LPRSA sediment in 28-day bioaccumulation tests as 
compared with critical body residue TRVs 

laboratory 
bioaccumulation 
benthic invertebrate 
tissue chemistry 

none 

Measurement Endpoint No. 2c – Chemical concentrations in sediment 
as compared with toxicity-based sediment quality values from the 
literature that are specific to benthic invertebrates 

surface sediment 
chemistry background data 

Measurement Endpoint No. 2d – Laboratory bioassay tests (28-day 
survival and growth of Hyalella azteca throughout the LPRSA, 10-day 
survival and growth of Chironomus dilutus in the freshwater portion, and 
10-day survival of Ampelisca abdita in the estuarine portion) using LPRSA 
sediment statistically compared with biological responses to control 
sedimentb 

benthic invertebrate 
toxicity testsc reference information data 

Measurement Endpoint No. 2e – Chemical concentrations in surface 
water collected from relevant benthic invertebrate exposure areas as 
compared with toxicity-based values (i.e., aquatic thresholds) 

surface water 
chemistry background data 
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Table 1. Proposed use of background and reference information in the LPRSA risk assessments 
Risk Assessment Evaluation 

BERA Evaluation: Risk 
Assessment Endpoint or 

Receptor/Scenario Description of Measurement Endpoint Data Type 
Background or Reference 

Information 

Assessment Endpoint No. 
3 – Protection and 
maintenancea of healthy 
populations of blue crab and 
crayfish that serve as a 
forage base for fish and 
wildlife populations, and as a 
base for sports fisheries 

Measurement Endpoint No. 3a – Chemical concentrations in LPRSA-
collected benthic macroinvertebrate whole-body tissue (i.e., crab and 
crayfish) as compared with literature-based critical body residue TRVs 

blue crab (and/or 
crayfish) whole-body 
tissue chemistry 

background data 

Measurement Endpoint No. 3b – Chemical concentrations in sediment 
as compared with toxicity-based sediment quality values from the 
literature that are specific to benthic invertebrates 

surface sediment 
chemistry background data 

Measurement Endpoint No. 3c – Chemical concentrations in surface 
water collected from relevant benthic invertebrate exposure areas as 
compared with toxicity-based values (i.e., aquatic thresholds) 

surface water 
chemistry background data 

Assessment Endpoint No. 
4 – Protection and 
maintenancea of healthy 
mollusk populations 

Measurement Endpoint No. 4a – Chemical concentrations in tissue from 
in situ caged bivalves; this measurement endpoint is being conducted per 
USEPA direction 

in situ bioaccumulation 
bivalve tissue 
chemistry 

na 

Measurement Endpoint No. 4b – Chemical concentrations in sediment 
as compared with toxicity-based sediment quality values from the 
literature that are specific to benthic invertebrates 

surface sediment 
chemistry background data 

Measurement Endpoint No. 4c – Chemical concentrations in surface 
water collected from relevant benthic invertebrate exposure areas as 
compared with toxicity-based values (i.e., aquatic thresholds) 

surface water 
chemistry background data 
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Table 1. Proposed use of background and reference information in the LPRSA risk assessments 
Risk Assessment Evaluation 

BERA Evaluation: Risk 
Assessment Endpoint or 

Receptor/Scenario Description of Measurement Endpoint Data Type 
Background or Reference 

Information 

Assessment Endpoint No. 
5 –Protection and 
maintenancea of fish 
populations that serve as a 
forage base for fish and 
wildlife populations, and of 
fish populations that serve 
as a base for sports fishery 

Measurement Endpoint No. 5a – Chemical concentrations or toxic 
equivalencies measured in LPRSA-collected fish whole-body tissue (and 
estimated egg tissue based on egg lipid data) as compared with literature-
based tissue residue TRVs 

fish tissue chemistry background data 

Measurement Endpoint No. 5b –Prey taxonomy identified in selected 
LPRSA fish receptors 

literature-based 
information on preye na 

Measurement Endpoint No. 5c – Physical and biological information 
based on gross internal/external fish health observations 

internal/external health 
observations background data 

Measurement Endpoint No. 5d – Literature-based information on fish 
trophic feeding level and habitat use of selected LPRSA fish receptors 

literature-based 
information on life 
historye 

na 

Measurement Endpoint No. 5e – Receptor-specific modeled daily doses 
of COPCs (estimated from surface sediment and prey [invertebrate and 
fish] tissue chemistry) as compared with literature-based dietary TRVs 

fish/invertebrate tissue 
and surface sediment 
chemistry 

background data 

Measurement Endpoint No. 5f – Chemical concentrations in surface 
water collected from relevant fish exposure areas as compared with 
literature-based toxicity values (i.e., aquatic thresholds) 

surface water 
chemistry background data 

Measurement Endpoint No. 5g – Egg counts (or mass) in selected 
gravid mummichog; this measurement endpoint is being conducted per 
USEPA direction 

mummichog egg 
counts na 

Assessment Endpoint No. 
6 – Protection and 
maintenancea of bird 
populations 

Measurement Endpoint No. 6a – Receptor-specific modeled daily doses 
(estimated from surface water, surface sediment, and prey [invertebrate 
and fish] tissue chemistry) as compared with literature-based dietary dose 
TRVs; modeled piscivorous bird egg tissue residue concentrations 
(estimated from fish prey tissue chemistry and dietary dose/maternal 
transfer model) as compared with literature-based bird egg tissue residue 
TRVs 

fish/invertebrate tissue, 
surface sediment, and 
surface water 
chemistry 

background data 

Assessment Endpoint No. 
7 – Protection and 
maintenancea of aquatic 
mammal populations 

Measurement Endpoint No. 7a – Receptor-specific modeled daily doses 
(estimated from surface water, surface sediment, and prey [invertebrate 
and fish] tissue chemistry) as compared with literature-based dietary dose 
TRVs 

fish/invertebrate tissue, 
surface sediment, and 
surface water 
chemistry 

background data 
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Table 1. Proposed use of background and reference information in the LPRSA risk assessments 
Risk Assessment Evaluation 

BERA Evaluation: Risk 
Assessment Endpoint or 

Receptor/Scenario Description of Measurement Endpoint Data Type 
Background or Reference 

Information 
Assessment Endpoint No. 
8 – Maintenance of healthy 
aquatic plant populations as 
a food resource, and as a 
habitat for fish and wildlife 
populations 

Measurement Endpoint No. 8a – Chemical concentrations in surface 
water and/or sediment collected from relevant aquatic plant exposure 
areas as compared with toxicity-based values (i.e., aquatic thresholds) 

surface sediment 
chemistry background data 

Assessment Endpoint No. 
9 – Protection and 
maintenancea of healthy 
amphibian and reptile 
populations 

Measurement Endpoint No. 9 – Chemical concentrations in surface 
water and/or sediment collected from relevant amphibian and/or reptile 
exposure areas as compared with available toxicity-based values (i.e., 
aquatic thresholds) 

surface water 
chemistry background data 

a Survival, growth, and reproduction are the specific endpoints to be evaluated (Windward and AECOM 2009).  
b Results of the laboratory bioassay using LPRSA sediment will be compared with both biological responses to control sediment and toxicity tests from the 

reference information dataset.  
c Benthic invertebrate toxicity tests that measure exposure to LPRSA sediment based on 28-day survival and growth of Hyalella azteca using sediment from 

throughout the LPRSA, 10-day survival and growth of Chironomus dilutus using LPRSA freshwater sediment, and 10-day survival of Ampelisca abdita using 
LPRSA estuarine sediment.  

d For clarity, crab tissue concentrations will be compared to crab tissue concentrations, and crayfish tissue concentrations will be compared to 
crayfish tissue concentrations (i.e., blue crab tissue concentrations will not be directly compared with crayfish tissue concentrations).  

e Additional physical and biological information collected during the fish community surveys (e.g., internal/external health observations) will also 
be used in the risk assessment to assist in the interpretation of the results in terms of fish population health.  

COPC – chemical of potential concern 
CWCM – chemical water column monitoring 
HQ – hazard quotient 
LPRSA – Lower Passaic River Study Area 
na – not applicable 
 

NY/NJ – New York/New Jersey 
REMAP – Regional Environmental Monitoring and Assessment Program 
SQT – sediment quality triad 
TRV – toxicity reference value 
USEPA – US Environmental Protection Agency 
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Table 2. Locations of reference and background data 
Location Contamination Water Habitat Distance Parameter 

Passaic River above 
Dundee Dam and head 
of tide  

low to medium  fresh water urban  close  freshwater contaminants  

Jamaica Bay  low to medium  estuarine  urban  nearby  estuarine contaminants  

Mullica River  low  estuarine/ 
freshwater  rural  distant  estuarine/ freshwater 

contaminants  

Lower NY//NJ Harbora low to medium estuarine urban close estuarine contaminants 
(tissue only) 

a Location under review by USEPA. 
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3 Data Sources and Factors Used in the Evaluation 

This section discusses the process used to evaluate whether regional environmental 
datasets can be used as background and reference information for the LPRSA. 
Quantitative data on regional background and reference information are necessary to 
evaluate the measurement endpoints presented in Table 1. It is important to 
understand the influence of regional background on the LPRSA and to characterize 
reference information in order to develop effective and successful remedial actions.  

The process used to identify acceptable datasets for use as background and reference 
information is as follows: 

1. Acquire and compile data and metadata available for the background and 
reference areas identified above (i.e., Jamaica Bay, Mullica, above Dundee Dam, 
and Lower NY/NJ Harbor). 

2. Use only those chemicals and parameters also measured in the LPRSA and 
eliminate redundant results. 

3. If applicable, average field duplicates. 

4. Compile resulting data into a database. 

5. Complete outlier evaluation (see below). 

6. Present data along with LPRSA data. 

Pursuant to the request by USEPA, the CPG has selected examples of the 
environmental datasets from one of the areas that will be used as background and 
reference information for the LPRSA. As an example, CPG compiled the relevant data 
using the steps outlined above (except Step 6) for data from Jamaica Bay. Examples 
selected for presentation include background tissue for blue crab combined with 
muscle and hepatopancreas tissue data for total mercury and the toxicity response 
data for the 10-day Ampelisca toxicity test. The example datasets are presented in 
Section 4.  

USEPA’s memorandum (Attachment B-1) stated that outliers should be identified in 
background and reference datasets. CPG reviewed a number of options for identifying 
data outliers (Step 5) that could potentially be removed from the background or 
reference information dataset prior to comparison with LPRSA data. For the purpose 
of this document and to meet USEPA’s request for example datasets, outliers were 
identified as 3 times of the interquartile range (IQR) of the data distribution. 
Additional investigation will be conducted to determine if there are other, more 
applicable methods for identifying outliers.  
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4 Example Datasets 

USEPA requested that CPG provide one example of historical background data and 
one example of historical reference information that could be used by CPG to compare 
background and reference information with LPRSA data. This section provides 
examples for: 

 Historical data from a background area – Jamaica Bay blue crab tissue (i.e., 
combined muscle and hepatopancreas) that was analyzed for total mercury 
concentrations  

 Historical data from a reference area – toxicity data for 10-day Ampelisca toxicity 
tests conducted using sediment collected from Jamaica Bay 

4.1 BACKGROUND TISSUE EXAMPLE 
The Jamaica Bay blue crab tissue (i.e., combined muscle and hepatopancreas) total 
mercury dataset includes 10 samples. The minimum detected total mercury 
concentration was 42.6 µg/kg and the maximum detected concentration was 
89.3 µg/kg. The mean detected concentration was 61.9 µg/kg. Figure 2 presents a box-
and-whisker plot for the Jamaica Bay dataset. In this example, no data were identified 
as outliers based on the use of 3 x IQR as the outlier test. Figures such as this will be 
used to compare Jamaica Bay tissue concentrations with LPRSA tissue concentrations 
in the risk characterization. 

 
Figure 2. Total mercury concentrations in combined muscle and 

hepatopancreas tissue of blue crabs collected from Jamaica Bay 
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4.2 REFERENCE INFORMATION EXAMPLE 
For the reference information example, the CPG selected toxicity survival data for 
Ampelisca exposed to sediment samples collected from Jamaica Bay. In total, there 
were 66 unique toxicity test results. These results were plotted using a box-and-
whisker plots (Figure 3). For the BERA, graphs and analyses such as this will be used 
to present and compare results from the reference area with the results from the 
LPRSA.  

 
Figure 3. Ampelisca toxicity survival data for sediment samples collected from 

Jamaica Bay 

 

0

10

20

30

40

50

60

70

80

90

100

110

Am
pe

lis
ca

 S
ur

vi
va

l (
%

 T
/C

)

Quartile

Mean

1.5 x IQR outlier

3 x IQR outlier

Minimum/
maximum



PP 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix B 

October 29, 2013 
19 

 

5 References 

Battelle. 2005. Lower Passaic River Restoration Project. Pathways analysis report. 
Prepared for US Environmental Protection Agency Region 2 and US Army Corps of 
Engineers. Battelle, Duxbury, MA. 

Malcolm Pirnie, Battelle, HydroQual. 2005. Lower Passaic River Restoration Project. 
Conceptual site model. Prepared for US Environmental Protection Agency, US Army 
Corps of Engineers, and New Jersey Department of Transportation/Office of Maritime 
Resources. Version 2005/08/02. Malcolm Pirnie, Inc., White Plains, NY; Battelle, Stony 
Brook, NY; Hydroqual, Inc., Mahwah, NJ. 

Malcolm Pirnie. 2007a. Lower Passaic River Restoration Project: Conceptual site 
model. Prepared for US Environmental Protection Agency, US Army Corps of 
Engineers, and New Jersey Department of Transportation/Office of Maritime 
Resources. Malcolm Pirnie, Inc., White Plains, NY. 

Malcolm Pirnie. 2007b. Lower Passaic River Restoration Project: Draft source control 
early action focused feasibility study. June 2007. Malcolm Pirnie, White Plains, NY. 

NJDEP. 2012. Ecological evaluation technical guidance. Version 1.2. 8/29/12. New 
Jersey Department of Environmental Protection, Trenton, NJ. 

USEPA. 1989. Risk assessment guidance for Superfund, volume 1: Human health 
evaluation manual, Part A. EPA/540/1-89/002. Office of Emergency and Remedial 
Response, US Environmental Protection Agency, Washington, DC. 

USEPA. 1991a. Risk assessment guidance for Superfund: Volume 1-Human health 
evaluation manual, Part B, development of risk-based preliminary remediation goals. 
Interim. EPA/540/R/99/003. Office of Emergency and Remedial Response, US 
Environmental Protection Agency, Washington, DC. 

USEPA. 1991b. Risk assessment guidance for Superfund: Volume 1-Human health 
evaluation manual, Part C, risk evaluation of remedial alternatives. Interim. 9285.7-
01C. Office of Emergency and Remedial Response, US Environmental Protection 
Agency, Washington, DC. 

USEPA. 1994. Selecting and using reference information in Superfund ecological risk 
assessments. ECO Update bulletin 2(4). Publication 9345.0-10, EPA 540/F-94/050. 
Office of Emergency and Remedial Response, US Environmental Protection Agency, 
Washington, DC. 

USEPA. 1997. Ecological risk assessment guidance for Superfund: Process for 
designing and conducting ecological risk assessments. EPA/540/R-97/006. Interim 
final. Environmental Response Team, US Environmental Protection Agency, Edison, 
NJ. 



PP 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix B 

October 29, 2013 
20 

 

USEPA. 1998. Guidelines for ecological risk assessment. EPA/630/R-95/002 F. Risk 
Assessment Forum, US Environmental Protection Agency, Washington, DC. 

USEPA. 2001a. Risk assessment guidance for Superfund (RAGS). Vol. 1. Human health 
evaluation manual, Part D, Standardized planning, reporting, and review of 
Superfund risk assessments (Final report). OSWER Directive 9285.7-47. Office of 
Emergency and Remedial Response, US Environmental Protection Agency, 
Washington, DC. 

USEPA. 2001b. Risk assessment guidance for Superfund: volume 3—part A, process 
for conducting probabilistic risk assessment. EPA 540-R-02-002. Office of Solid Waste 
and Emergency Response, US Environmental Protection Agency, Washington, DC. 

USEPA. 2002. Role of background in the CERCLA cleanup program. OSWER 9285.6-
07P. Office of Solid Waste and Emergency Response, Office of Emergency and 
Remedial Response, US Environmental Protection Agency, Washington, DC. 

USEPA. 2004a. Example exposure scenarios. EPA/600/R-03/036. Center for 
Environmental Assessment, US Environmental Protection Agency, Washington, DC. 

USEPA. 2004b. Risk assessment guidance for Superfund: volume 1—Human health 
evaluation manual (Part E, supplemental guidance for dermal risk assessment). Final, 
July 2004. EPA/540/R/99/005. Office of Emergency and Remedial Response, US 
Environmental Protection Agency, Washington, DC. 

USEPA. 2005. Contaminated sediment remediation guidance for hazardous waste 
sites. OSWER 9355.0-85. EPA-540-R-05-012. US Environmental Protection Agency, 
Office of Solid Waste and Emergency Response Washington, DC. 

USEPA. 2008. Memorandum from Stephen J. Ells. CSTAG recommendations for the 
Lower Passaic River site. April 2008. 

USEPA. 2009. Risk assessment guidance for Superfund: volume 1—Human health 
evaluation manual (Part F, supplemental guidance for inhalation risk assessment). 
EPA/540/R/070-002. January 2009. Office of Superfund Remediation and Technology 
Innovation, US Environmental Protection Agency, Washington, DC. 

Windward, AECOM. 2009. LPRSA human health and ecological risk assessment 
streamlined 2009 problem formulation. Final. Prepared for Cooperating Parties Group, 
Newark, New Jersey. July 31, 2009. Windward Environmental LLC, Seattle, WA; 
AECOM, Inc., Westford, MA. 

Windward, AECOM. [in prep]. Revised risk analysis and risk characterization plan for 
the Lower Passaic River Study Area. Draft. Prepared for Cooperating Parties Group, 
Newark, NJ. Submitted to USEPA April 13, 2012. August 9, 2011; updated April 13, 
2012. Windward Environmental LLC, Seattle, WA; AECOM, Inc., Westford, MA. 

 

 



ATTACHMENT B-1. PASSAIC RIVER RARC 

REFERENCE AND BACKGROUND DEFINITIONS AND 

USAGE DOCUMENT 
  



Passaic River RARC Reference and Background Definitions and Usage Document 

The purpose of this document is to (i) define the terms reference information and background data for 
use during the 17-mile Remedial Investigation/Feasibility Study being conducted for the Lower Passaic 
River Study Area as part of the Diamond Alkali Superfund site, (ii) outline how this information and 
data should be used in the ecological risk assessment, and (iii) select the specific reference and 
background locations that should be used.  

Reference  

Ecological risk assessments at Superfund sites estimate the adverse effects of chemical contaminants 
on the plant and animal life inhabiting the area associated with the site. This process depends on the 
collection of data from the impacted areas of the Superfund site; however, these data alone often 
cannot show whether adverse ecological effects have already occurred, or might still occur, as a result 
of site contamination. Therefore, to evaluate actual impacts or likely ecological risks more completely, 
site data are typically compared to data that represent reasonable expectations for the site. These data 
are commonly referred to as reference information (USEPA 1994).  

Reference information is needed by investigators for evaluation or comparison with environmental 
conditions at a Superfund site. Reference data are baseline values or characteristics. Reference 
information generally falls into one or more of the following categories: relevant existing data, models 
or reference samples. Relevant existing data may be specific to the site-associated area collected 
before contamination occurred or data from elsewhere that can be applied to site conditions. Models 
generally consist of indices and similar mathematical simulations of relationships among habitats, 
populations and communities. Reference samples are new data collected from the least impacted area 
of the Superfund site or from a nearby site that is ecologically similar to the Superfund site and is not 
affected by the Superfund site contaminants. Although all three sources of reference information are 
used in ecological risk assessments, knowledge of exact pre-contamination conditions or finding a 
reference site that exactly reproduces pre-contamination status is not possible in the majority of cases 
(USEPA 1994).  

Most often, sampling for new data is the best approach to establishing reference conditions. 
Depending upon the circumstances, reference samples are collected on-site (or from the 
site-associated area) or from a separate location, known as a reference site. On-site reference samples 
should, ideally, be collected from the unaffected portions of contaminated habitats. More commonly, 
on-site samples are taken along a gradient from lowest to highest contaminant concentration. The area 
of lowest impact or lowest measured concentration becomes the “reference” target for the site. This 
type of “reference” information can become necessary when all habitats are affected to some extent 
by site contaminants. Reference samples may also be collected from a reference site1. Reference sites 
should match the  

 
1 EPA defines reference areas as “a relatively uncontaminated site used for comparison to contaminated sites in 
environmental monitoring studies (EPA 1997) and NJDEP defines reference areas as “a habitat similar to the 
habitat being assessed but which is not contaminated. The reference area may or may not be within the 
background area.” 



Superfund site, to the extent practicable, in all aspects except contamination. Reference sites are 
typically located upstream, upwind or higher in the drainage system, but otherwise as close as possible 
to the Superfund site. It is also important to ensure that the ranges of animals under study at reference 
locations do not overlap the area affected by the Superfund contaminants. Where probability of such 
overlap is unavoidable, it is necessary to use reference areas at greater distances from the Superfund 
site or to shift the focus of the investigation to organisms with more restricted ranges.  

Background  

Background is defined in USEPA 2002 as “Substances or locations that are not influenced by the release 
from a site and are usually described as naturally occurring or anthropogenic: (1) Naturally occurring 
substances are present in the environment in forms that have not been influenced by human activity, (2) 
Anthropogenic substances are natural and human-made substances present in the environment as a 
result of human activities (not specifically related to the CERCLA site in question).” Further the 
document describes background references areas as “The area where background samples are collected 
for comparison with samples collected on site. The reference area should have the same physical, 
chemical, geological, and biological characteristics as the site being investigated, but has not been 
affected by the activities on the site.” Similar definitions are identified in NJDEP’s ecological risk 
assessment guidance2. All of the definitions identify background as concentrations of contaminants in 
environmental media. Therefore, for the purposes of the Baseline Ecological Risk Assessment, 
background will refer to the concentrations of contaminants that are found in the surface water, 
sediment and tissue collected from background locations.  

Descriptive Terms  

Additional characteristics may be used to describe the area from which the data was collected for 
reference information or background concentrations for each data use. These descriptions can include, 
but are not limited to, freshwater, estuarine, marine, urban, industrial, non-industrial and rural. These 
terms describe the characteristics of the data set and not the data set itself. For example, a data set that 
contains information on typical sediment concentrations from an industrially influenced area would be 
termed “background from an industrial area” as opposed to “industrial background.”  

Usage  

The preferred use of reference and background information is to compile data from representative 
locations (i.e., same or similar physical, chemical, geological, and biological characteristics, but not 
affected by the activities on the site) to develop a range of values that can be used for comparison 
to the data collected from within the study area. The primary use of the reference information and 
background concentrations will be to evaluate risk management options.  

The reference information will support and be utilized to build a “weight-of-evidence” which shows a 
causal link between the contamination and observed effects. Reference information is corroborative by 
definition, and reference samples, along with site samples, are used to develop relationships that may 

 
2 Background Area” means a habitat similar to the habitat being assessed, but one that is outside of the influence 
of the site discharge (NJDEP 2012). “Background Contamination” means representative contaminant levels in the 
immediate area of the site that are not attributable to the site discharge itself and that originated from either 
natural sources (not man-made) or offsite discharges (man-made, discharges not related to the site). These 
background contaminant concentrations are generally derived by collecting samples in the background area, 
avoiding hot spots ( NJDEP 2012). 



be statistically based to determine whether the contaminants are most likely related to any observed 
impacts. Given that perfect reference sites do not exist, professional judgment is the key to proper 
selection and use of reference information. This is the most important reason for gathering reference 
data from a broad range of categories, as described in EPA 1994, for use in the baseline ecological risk 
assessment, which in turn will allow for a robust evaluation in risk management decisions.  

The use of reference information and background concentrations will be used qualitatively in the 
Baseline Ecological Risk Assessment for comparison purposes to explain observations in the collected 
data. The use of reference information and background concentrations will not be used to negate the 
calculated quantitative risk estimates or subtracted from the calculated site risk estimates.  The 
following table presents the use of reference information and background concentrations as they 
pertain to the identified measurement endpoints. The specific language for each assessment endpoint 
can be found in Table 2-1 from RARC Appendix B.  

Table 1.  Uses of Reference and Background Data  

Assessment Endpoint Data Type 
Reference information or 

Background Concentration 

AE1: Maintenance of zooplankton 
communities…  Surface water chemistry  Background concentration 

fromeach area  

AE2: Protection and maintenance of 
benthic invertebrate community…  

Benthic invertebrate 
communitystructure  

Reference information from each 
area  

Surface sediment chemistry  Background concentration 
fromeach area  

Benthic invertebrate toxicity tests  Control data and reference 
information from each area  

Surface water chemistry  Background concentration 
fromeach area  

AE3: Protection and maintenance of 
health population of blue crab and 
crayfish…  

Whole-body tissue chemistry  Background concentrationsfrom 
each area  

Surface sediment chemistry  Background concentration 
fromeach area  

Surface water chemistry  Background concentration 
fromeach area  

AE4: Protection and maintenance of 
healthy mollusk population  

Tissue chemistry  Background concentration 
fromeach area  

Surface sediment chemistry  Background concentration 
fromeach area  

Surface water chemistry  Background concentration 
fromeach area  

AE5: Protection and maintenance of 
fish populations…  

Fish tissue chemistry  Background concentration 
fromeach area  

Internal/external health observations  Reference information from each 
area  

Fish/invertebrate/surface sediment 
chemistry  

Background concentration 
fromeach area  

Surface water chemistry  Background concentration 
fromeach area  



Assessment Endpoint Data Type 
Reference information or 

Background Concentration 

AE6: Protection and maintenance of 
bird populations  

Fish/invertebrate/surface 
sediment/surface water chemistry  

Background concentration 
fromeach area in Table 2  

AE7: Protection and maintenance of 
aquatic mammal populations  

Fish/invertebrate/surface 
sediment/surface water chemistry  

Background concentration from 
each area in Table 2  

AE8: Maintenance of healthyaquatic 
plant populations…  

Surface sediment chemistry  Background concentration 
fromeach area  

AE9: Protection and maintenance of 
healthy amphibian and reptile 
populations  

Surface water chemistry  Background concentration from 
each area  

 

Based on USEPA 1994, the five characteristics that have been determined to be of greatest importance 
in selecting background and reference information for use in the Baseline Ecological Risk Assessment for 
the Lower Passaic River Study Area are contamination, water type, habitat, community structure and 
distance from study area. Three areas have been selected for use as potential background and reference 
locations. These areas include the Passaic River above Dundee Dam, Jamaica Bay and the Mullica River 
(see Table 2). Although Jamaica Bay and the Mullica River are not directly connected to the site, they 
represent a range of environmental conditions that overlap with conditions within the LPRSA. These 
selected areas provide a broad range of data sets that can be used to qualitatively discuss the risks and 
hazards that are calculated for the LPRSA, in the risk management phase.  

Note that data sets that are used for reference and background comparisons should undergo a 
statistical outlier test to ensure that the data is not skewed. In addition, if EPA determines that the 
results of the toxicity tests, the benthic community survey and/or the fish health survey (i.e., the three 
measurement endpoints that utilize reference data) from the area above Dundee Dam indicate that it is 
not a suitable reference area, then collection of data from other sources, such as the Passaic River above 
the confluence of the Pompton River, will be considered.  

Table 2.  Reference and Background Locations  

Location Contamination Water Habitat Distance Parameter 

Passaic River above Dundee 
Dam and head of tide  Low to medium  FW  Urban  Close  Fresh Water 

Contaminants  

Jamaica Bay  Low to medium  Estuarine  Urban  Nearby  Estuarine 
Contaminants  

Mullica River  Low  Estuarine/Fres
h Water  Rural  Distant  Estuarine/Fresh Water 

Contaminants  
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1 Introduction 

This document presents life history profiles for the selected ecological receptors of the 
Lower Passaic River Study Area (LPRSA). These profiles have been prepared based on 
a December 2010 agreement between the US Environmental Protection Agency 
(USEPA) and the Cooperating Parties Group (CPG). Information presented in these 
species-specific life history profiles, along with site-specific results of the LPRSA 
biological surveys and other literature, will be used in the baseline ecological risk 
assessment (BERA), and in the development of the site-specific bioaccumulation 
model as necessary. For example, the evaluation of risk to mink from dietary exposure 
to chemicals requires life history information, such as the proportions of different prey 
species in the mink diet and the food ingestion rate. The BERA and bioaccumulation 
model documents will provide rationale for the selection and use of specific life 
history parameters that are presented in this document. 
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2 Benthic Infaunal and Epifaunal Invertebrates  

This section presents life history profiles for the dominant infaunal1 and epifaunal2 
invertebrates composing the benthic invertebrate community of the LPRSA. The life 
history profile for the blue crab (Callinectes sapidus) is presented separately (Section 3), 
as this macroinvertebrate is a keystone species with significant influence on the 
ecology of tidal estuaries. A life history profile for mussels (specifically the estuarine 
ribbed mussel [Geukensia demissa] and the freshwater eastern elliptio mussel [Elliptio 
complanata]) is also presented separately (Section 4), as these species were used as part 
of an in situ bioaccumulation study conducted in the LPRSA. 

2.1 SIGNIFICANCE AND USE 
The benthic invertebrate community in the LPRSA is composed of many different 
species representing a range of adaptations to salinity, substrate type, water velocity, 
temperature, dissolved oxygen (DO), and other environmental conditions. Most 
benthic invertebrates are small, sessile3 organisms that live within the top few 
centimeters of the sediment surface, or in the flocculent layer4 at the sediment surface. 
Benthic invertebrates use numerous and diverse feeding techniques, such as filtering 
suspended particles from the water column; gathering newly deposited detrital 
material at the sediment surface; engulfing subsurface sediments to glean older, 
organic material from the sediment; scraping diatoms and microalgae from hard 
substrates; shredding plant material; and preying on zooplankton or other benthic 
invertebrates (Hershey and Lamberti 1998). Because of their limited mobility and 
direct contact or close association with the sediment, benthic invertebrates can be used 
to assess the effects of chemical exposure from multiple pathways integrated over 
time.  

The assessment of benthic community structure is commonly conducted to evaluate 
sediment quality. Benthic invertebrates are an important food source for other 
invertebrates, fish, birds, and mammals, and perform essential functions, such as 
nutrient cycling and sediment oxygenation. Thus, the diversity and abundance of the 
benthic invertebrate community is an important indicator of ecosystem health. 
Additionally, some invertebrates have been shown to be sensitive to contamination; 
studies and methods are available to assess their exposure and predict effects.  

 
1 Infaunal invertebrates are those living within the bottom substrate (e.g., burrowing worms). 
2 Epifaunal invertebrates are those living on the bottom substrate or artificial structures (e.g., pier 

pilings) in the water column. 
3 Sessile organisms are attached to the substrate or have limited mobility. 
4 The flocculent layer is the particle-rich zone at the sediment-water interface. 
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Methods for assessing the benthic community include abundance measures, such as 
indicator species and major taxa abundance; diversity measures, such as taxa richness 
or Shannon-Weiner diversity and dominance; and community tolerance indices, such 
as the Hilsenhoff Biotic Index (Barbour et al. 1999; Gibson et al. 2000).  

2.2 INVERTEBRATE COMMUNITY STRUCTURE OF THE LPRSA 
The 17.4-mile stretch of the Lower Passaic River (LPR) that comprises the LPRSA is a 
tidal (salt-wedge) estuary with a diverse invertebrate community that includes 
freshwater, brackish, and marine species; however, the long history of industrial 
activities and habitat alteration along the LPR has impacted the invertebrate 
community. Between 1994 and 2010, four major surveys were conducted to evaluate 
the benthic invertebrate community within the LPR, including surveys of the LPRSA 
in June 2005 (Aqua Survey 2005), and of the lower 7 miles of the LPRSA in August 
1994 (ChemRisk 1995), fall 1999, and spring 2000 (Tierra Solutions 2002a). Most 
recently, in fall 2009 and spring and summer 2010, Windward Environmental LLC 
(Windward) conducted seasonal benthic invertebrate community assessments of the 
17.4-mile stretch between Dundee Dam and Newark Bay (Windward [in prep]-b, c). 
The benthic invertebrate community structure in the LPRSA was found to be generally 
similar among all surveys. 

The benthic community of the LPRSA is dominated by pollution-tolerant or 
opportunistic species that are indicative of a stressed community, which is typical of 
large, urban rivers (USACE 1987; ChemRisk 1995; Tierra Solutions 2002a; Iannuzzi and 
Ludwig 2004; Germano & Associates 2005; Windward [in prep]-b, c). The benthic 
community is primarily comprised of oligochaetes and polychaetes, many of which 
are known to be tolerant of pollution, organic enrichment, and other stressors. 
Additionally, the species composition, diversity, and abundance are all characteristic 
of a degraded estuarine environment being influenced by organic enrichment, 
pollution, or other stressors.  

Since the LPRSA is a salt-wedge estuary, salinity is also a key factor, influencing the 
distribution and abundance of benthic invertebrates throughout the LPRSA. The 
LPRSA is influenced by daily and seasonal salinity fluctuations from tidal effects and 
river flow. Therefore, species that tolerate salinity changes are the most abundant and 
widespread. A salinity range of approximately 5 to 8 parts per thousand (ppt) is 
considered a critical transition range that corresponds to a pronounced minimum of 
benthic invertebrate species richness (Levinton 1982). Accordingly, a more diverse 
benthic invertebrate community exists in both the downstream, more persistently 
saline portion and in the more consistently freshwater portion of the LPRSA. This 
dynamic is similar to benthic invertebrate community structure found in other 
estuaries. 
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Benthic community surveys conducted in the LPRSA document differences in benthic 
invertebrate communities associated with the salinity gradient. In 2005, the delineation 
between freshwater and estuarine habitats in the LPRSA was set at river mile (RM) 8.5 
based on the presence or absence of marine polychaetes (Aqua Survey 2005). 
However, the extent of the transition zone between the estuarine and freshwater 
portions is dependent on daily and seasonal fluctuation from the tidal cycle and the 
volume of freshwater flowing downstream. Typically, salt water extends further 
upstream during high tides and low river flow, and is pushed further downstream 
during low tides and high river flow events. The distribution of estuarine versus 
freshwater infaunal organisms coincides with the seasonal trends in interstitial 
salinity, rather than overlying surface water salinity (Chapman 1981; Windward [in 
prep]-b, c). The seasonal studies conducted from fall 2009 to summer 2010 identified 
the transition zone from estuarine to freshwater communities as occurring around 
RM 4 in the fall, RM 5.5 in the spring, and RM 7 in the summer (Windward [in prep]-
b). In these studies, the presence of marine polychaetes and bivalves served as an 
effective indicator of where the estuarine portion of the river occurred during any 
given season; a marked increase in the abundance of oligochaetes and the presence of 
chironomid insects among the dominant taxa was an indicator of freshwater habitat. 
In general, the benthic invertebrate community structure was similar throughout the 
year; however, mean abundance and species richness were lowest in the fall 
(Windward [in prep]-b)and highest in the spring (Windward [in prep]-b). 

Overall, as determined by the benthic community surveys conducted, the two most 
dominant groups of benthic invertebrates in the LPRSA (in terms of abundance) are 
polychaetes and oligochaetes. Polychaetes are present primarily in the estuarine 
portion and rarely in the freshwater portion, whereas oligochaetes, while present in 
the estuarine portion, are dominant in the freshwater zone. Crustaceans are also 
abundant throughout the LPRSA but are represented primarily by isopods in the 
estuarine zone and amphipods in the freshwater zone (ChemRisk 1995; Tierra 
Solutions 2002a; Windward [in prep]-b; Aqua Survey 2005). Dipteran larvae (almost 
entirely chironomid midges) are dominant in the freshwater zone, along with 
freshwater bivalves and gastropods. Marine bivalves (e.g., Macoma balthica, Mulinia 
lateralis) are abundant in the lower reaches of the LPRSA (ChemRisk 1995; Tierra 
Solutions 2002a; Windward [in prep]-b; Aqua Survey 2005).  

2.3 LIFE HISTORY PROFILES OF DOMINANT TAXA IN THE LPRSA 
The benthic invertebrate life history profiles discussed below are for the major taxa 
found in the LPRSA and include: crustaceans, dipterans, molluscs, oligochaetes, and 
polychaetes. Because there are numerous genera and species within each of the major 
taxa, the life history profiles focus on the dominant species, genus, or family found in 
the LPRSA. The LPRSA benthic community comprises species that are sessile or have 
limited mobility, so they are found in the LPRSA throughout the year. However, the 
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abundance and richness of taxa vary with the seasons and are typically higher during 
the spring and summer.  

2.3.1 Crustaceans  
The dominant crustaceans found in the LPRSA are amphipods, isopods, and 
barnacles. Amphipods of Gammarus spp. are the most dominant and widespread of all 
crustaceans and are abundant in both the freshwater and estuarine portions. Isopods 
and barnacles are also dominant crustaceans, but their abundance and distribution are 
generally limited to the estuarine portion of the LPRSA. Another crustacean that is 
occasionally abundant is the mud crab (e.g., Harris mud crab [Rhithropanopeus 
harrisii]). Dipteran insects (primarily freshwater chironomid midges) are also 
dominant, but their presence is generally limited to the freshwater portion of the 
LPRSA. 

2.3.1.1 Amphipods  
Gammarus spp. are the dominant amphipods found throughout the LPRSA. They are 
widespread and abundant in a variety of marine to freshwater water bodies. They are 
found among the leaves of submergent plants, under dying vegetation at the base of 
plants, or in bottom detritus (Pennak 1978; Duffy and Hay 1991). Gammarus spp. are 
omnivores with an exceptionally wide-ranging diet, which includes detritus, algae, 
fungi, dead animal matter, other amphipods, and oligochaetes (Duffy and Hay 1991). 
In general, Gammarus spp. have more rapid and greater mobility than other benthic 
organisms (Grosse et al. 1986). Most Gammarus spp. breed between February and 
October, and the juveniles usually emerge from late spring through early fall; their life 
span is generally 1 year (Grosse et al. 1986).  

2.3.1.2 Isopods  
Cyathura polita, one of the most dominant isopod species in the LPRSA, is a common 
bottom-dwelling estuarine isopod. Isopods are omnivorous and feed on diatoms and 
detritus; they also prey on amphipods and isopods and scavenge for dead fish (Brusca 
and Brusca 2003). They are generally associated with the surficial sediment layers and 
commonly live in shallow sediment tubes (Brusca and Brusca 2003). They either 
construct their own tubes or inhabit those of other organisms, such as tube-building 
polychaetes. Their reproductive season generally extends from May through August; 
their lifespan can be up to three years (Brusca and Brusca 2003). 

C. polita can tolerate a wide range of salinity, temperature, and quality and quantity of 
food (Charmantier and Charmantier-Daures 1994). Although capable of living and 
developing normally in a wide range of salinities, the highest densities usually occur 
in water with a salinity of 2 to 7 ppt (Brusca and Brusca 2003). However, C. polita is 
intolerant of high organic content and low DO, and is not found in environments with 
erosion or significant amounts of silt (Brusca and Brusca 2003).  
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2.3.1.3 Barnacles 
Barnacles (Balanus sp.) are exclusively marine animals found in the estuarine portion 
of the LPRSA, typically below RM 4. Adult barnacles live attached to rocks, shells, 
wood, and other solid natural or man-made substrates. They are filter feeders that eat 
primarily phytoplankton and zooplankton, and that typically measure 2 to 5 cm in 
diameter. Barnacles are hermaphroditic, but are cross-fertilized by other barnacles. 
Eggs develop inside the adult barnacle until hatching, when they are released into the 
water column. Larvae settle out of the water column based on environmental cues, 
such as the presence of other barnacles. Larval barnacles are an important food for 
juvenile fish; adults are preyed upon by many species, including flatworms, crab, and 
fish (Buschbaum 2002). 

2.3.1.4 Mud crab 
R. harrisii, the Harris mud crab, is native to the East Coast of North America. It is 
tolerant of a wide range of salinities and is found from brackish estuary waters to 
water that is nearly fresh (Williams 1984). In the LPRSA, they are predominantly 
found in the estuarine portion of the river. They prefer to live on sandy mud with 
some type of shelter, such as rocks, shells (e.g., oyster beds), wood, or plant debris 
(Williams 1984). Detritus, plant material, and invertebrates (e.g., amphipods, 
polychaetes, gastropods, and bivalves) have been found in the stomachs of this crab 
(Hegele-Drywa and Normant 2009), which can grow to be up to 2 cm in length 
(Williams 1984).  

2.3.2 Dipterans 
Dipteran insects (true flies) have an aquatic larval benthic stage during which they 
inhabit brackish and freshwater water bodies (Thorp and Covich 2010). In the LPRSA 
dipterans, particularly chironomid midges, are abundant in the freshwater reaches of 
the river. Chironomus spp. and Procladius spp. are the principal dominant dipteran taxa 
in the LPRSA. Chironomidae represent a diverse group of aquatic dipterans that can 
be found over a wide range of conditions (Merritt et al. 1984). Chironomid larvae are 
found in habitats of fine sediment, aquatic vegetation, and detritus (Cummins and 
Klug 1979; Henriques-Oliveira et al. 2003). The life cycle varies among taxa and can 
range from several generations in 1 year, to 1 generation per year for some 
overwintering larvae (Pennak 1978).  

Species within the genus Procladius generally inhabit the surfaces of aquatic plants, 
detrital debris, and fine sediments, but some are burrowers. Their prey include a 
variety of protozoans, small crustaceans (e.g., isopods and amphipods), other insect 
larvae (e.g., dipterans and other insects), and small worms (e.g., oligochaetes) 
(Cummins and Klug 1979). 
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Chironomus spp. is an extremely versatile genus capable of colonizing a wide variety of 
habitats (Merritt et al. 1984). They generally gather organic matter or decomposing 
plant material from the surface of sediments, but some reports indicate that they may 
consume tubificid oligochaetes (Merritt et al. 1984; Cummins and Klug 1979). Many of 
the larvae build fragile tubes composed of organic debris, silt, and small sand grains, 
or burrow into soft sediment (Thorp and Covich 2010).  

2.3.3 Oligochaetes  
Oligochaetes are found to be dominant taxa throughout the freshwater portion of the 
LPRSA, and major taxa within the estuarine portions. Limnodrilus hoffmeisteri, the most 
abundant oligochaete species found in the LPRSA, is plentiful in both freshwater and 
estuarine reaches, but more so in freshwater, which is typical of all oligochaete 
distributions in the LPRSA. Quistadrilus multisetosus, another abundant oligochaete 
species in the LPRSA, is found predominately in the freshwater reaches.  

Oligochaetes are annelid (i.e., segmented) worms, predominantly found in freshwater, 
that are abundant and common in soft, fine-grained, detritus-rich substrates, which 
they crawl over and burrow into (Thorp and Covich 2010). Most oligochaetes feed by 
ingesting sediments containing microorganisms, bacteria, and various plant and 
animal matter (Thorp and Covich 2010). They play an important role in mixing the 
sediments of the river bottom, and in the exchange of nutrients and toxic pollutants 
between water and sediment (Hershey and Lamberti 1998). Many oligochaete species, 
especially those in the family Tubificidae, live in tubes in the sediment and generally 
prefer silty, organically rich areas (Sauter and Gude 1996). They can tolerate relatively 
low DO levels (Chapman et al. 1982; Pennak 1978). Their life cycle generally spans 1 to 
2 years (Pennak 1978).  

L. hoffmeisteri is a common species usually found in slow-flowing waters associated 
with depositional areas (Pennak 1978). Benthic algae and bacteria constitute its basic 
food sources (Sauter and Gude 1996). It is highly tolerant of pollution and often 
identified in the literature as an indicator of pollution and organic enrichment 
(Chapman et al. 1982). In general, reduced water quality means increased dominance 
of L. hoffmeisteri (Chapman et al. 1982; Iannuzzi and Ludwig 2004). Their rapid 
adaptation, ability to alter their life cycles, and ability to breed earlier than other 
tubificid worms contribute to their numerical dominance in benthic invertebrate 
communities, and to their ability to exploit changing environmental conditions (Sauter 
and Gude 1996). L. hoffmeisteri usually spawn once each year between spring and 
summer (Pennak 1978). Most individuals die after breeding, but some are capable of 
breeding a second time in the same season (Pennak 1978).  
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2.3.4 Molluscs 
Molluscs include benthic and epibenthic bivalves, as well as gastropods (snails). The 
dominant molluscs found in the LPRSA are clams and snails. 

2.3.4.1 Bivalves 
Clams are bivalves that can be distinguished from other mollusks by the two hinging 
shells that surround the soft body. M. balthica and M. lateralis are the clam species 
found in abundance in the estuarine portion of the LPRSA. Pisidium spp., other 
members of the Sphaeriidae family, and Corbicula spp. are the dominant clam species 
found in abundance in the freshwater portion of the LPRSA. Pisidium spp. are also 
common in the estuarine portion. Bivalves are filter or surface deposit feeders that 
feed on a variety of microscopic particles, including organic detritus and 
phytoplankton (Pennak 1978). Clams are relatively sessile and either anchor 
themselves to the sediment surface or burrow into the sediment (McMahon and Bogen 
2001).  

Species of the Sphaeriidae family are freshwater clams that range from 2 to 20 mm in 
length. They are most common in standing water, although they can occur in water 
with high flows rates (Thorp and Covich 2010). Sphaeriidae species prefer substrates 
consisting of fine sand, silt, and clay; they are somewhat tolerant of pollution and 
habitat disturbance. They primarily eat algae and detritus filtered from the water 
column. They do well in areas that are mildly affected by organic pollution, but they 
do not do well in water with low DO or with anaerobic sediment (Thorp and Covich 
2010).  

Pisidium spp. are members of the Sphaeriidae family and are small, filter-feeding, 
freshwater bivalves that are tolerant of brackish water (Thorp and Covich 2010). They 
range from approximately 2 to 8 mm in length and burrow in soft substrate (Thorp 
and Covich 2010); Pisidium spp. can burrow relatively deep in soft sediments (Thorp 
and Covich 2010). Although reproduction occurs throughout the year, fewer young 
are released during the winter (Pennak 1978). Their life span generally lasts from 1 to 
2 years (Pennak 1978). 

Corbicula spp. are filter feeders typically found at or slightly below the sediment 
surface, preferring fine, clean sand, clay, and coarse sand substrates (McMahon and 
Bogen 2001). They mostly inhabit freshwater; however, they can tolerate salinities of 
up to 13 ppt for short periods of time (Thorp and Covich 2010). Their life span varies 
with habitat and species, with a maximum reported life span of approximately 7 years, 
and they can grow to lengths of up to 5 cm (Counts 2006)  

M. lateralis and M. balthica are burrowing marine clams that occur in estuaries where 
the salinity varies from 18 to 30 ppt (MarLIN 2002). M. lateralis are approximately 
1.5 to 2.0 cm in length, and M. balthica range from 1.5 to 3.5 cm in length. They both 
burrow to shallow levels in fine, muddy sand bottoms, and feed on plankton, bacteria, 
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and detritus either filtered from the water column or siphoned from the sediment 
surface (MarLIN 2002). M. lateralis spawn from May to November and M. balthica 
breed from February to May, with a second spawning in autumn. M. lateralis can live 
for up to 2 years, whereas M. balthica live from 3 to 7 years (McMahon and Bogen 
2001).  

2.3.4.2 Gastropods  
Hydrobiidae, members of a family of epibenthic deposit-feeding gastropods known as 
mud snails, are found in both the freshwater and estuarine portions of the LPRSA. 
Members of the Hydrobiidae family are generally less than 6 mm in length (Thorp and 
Covich 2010). They are commonly found in brackish water on a variety of substrates 
that support the growth of plants and algae (Voshell 2002). Mud snails eat algae, 
bacteria, detritus, and other plant material found on bottom substrates (Levinton 1982; 
Granberg and Forbes 2006). Depending on the species, the eggs can develop either 
directly into juvenile snails or into short-lived pelagic larvae. Their life span is 
typically 1 year, but may extend to 2 years (Thorp and Covich 2010). 

2.3.5 Polychaetes 
Polychaetes are marine annelid worms that burrow into soft mud and sand (Gray 
1981; California Academy of Sciences 2002). They are among the most frequent and 
abundant of marine organisms in benthic environments, and are also among the most 
species-rich groups (Fauchald and Jumars 1979). Polychaetes are generally associated 
with the surficial sediment layers and commonly live in tubes (ASTM 2003). As a 
group, polychaetes represent almost all feeding behaviors, including filter feeding, 
surface detrital or deposit feeding, and scavenging (Grassle and Grassle 1974). 
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3 Blue Crab (Callinectes Sapidus) 

This section presents a life history profile for blue crab (Callinectes sapidus). 
Information presented in this species-specific life history profile, along with  
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters (as needed) and exposure areas for use 
in the BERA. Risk assessment exposure parameters will also be used to parameterize 
the site-specific bioaccumulation model.  

3.1 SIGNIFICANCE AND USE 
Blue crab are found extensively in coastal waters, primarily bays and estuaries along 
the East Coast of North America. Their range extends as far north as Nova Scotia (Hill 
et al. 1989; Williams 1974; as cited in Perry and McIlwain 1986) and as far south as 
northern Argentina on the coast of South America, including the Gulf of Mexico (Hill 
et al. 1989). Worldwide, the blue crab’s range is rather expansive, as reported by 
Williams (1974; as cited in Perry and McIlwain 1986), and includes countries outside of 
the Americas, such as Argentina, Denmark, the Netherlands, and France. Blue crab are 
found in abundance along the coast and in the tidally influenced rivers and estuarine 
bays of New Jersey, from the Hudson River to Delaware Bay. 

Blue crab play an important role in the structure and function of estuarine 
communities, because they generally occur in high abundance, consume a variety of 
foods, and are prey for many other marine species (Hill et al. 1989). Blue crab are 
opportunistic feeders that eat a range of food items; they have diverse feeding habits 
as omnivores, detritivores, and scavengers, and are known to forage for molluscs, 
mysids, small crabs (including juvenile or molting blue crabs), worms, detritus, and 
plant material (NOAA 2007). Throughout the life cycle of the blue crab, as young and 
adult crabs residing in estuarine communities, they are an important source of food 
for a variety of organisms (Perry and McIlwain 1986). Blue crab are preyed upon by 
herons, diving ducks, and a number of fish species, including spotted seatrout, red 
drum, black drum, croaker, gar, sheepshead, striped bass, American eel, and 
freshwater and saltwater catfish (Hill et al. 1989; Perry and McIlwain 1986). 

3.2 SPECIES SIZE CLASS  
According to Churchill (Churchill 1919; as cited in Hill et al. 1989), the average size of 
a sexually mature blue crab varies. The average carapace width of an adult blue crab 
in Chesapeake Bay is 17.8 cm; mature females range in width from 5.5 to 20.4 cm, and 
males may reach a width of 20.9 cm (Williams 1984; as cited in Hill et al. 1989). 
According to research on recreational blue crab fishing from 2005 to 2007 in New 
Jersey waters, including the Delaware Bay area, southern coastal bays (e.g., Great Bay), 
and northern coastal bays (e.g., Little Egg Harbor, Sandy Hook, and Raritan Bay), the 
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average width of blue crab captured by fishermen using crab pots was 13.2 cm 
(Scarlett et al. 2009).  

Surveys conducted in 1999 and 2000 in the lower estuarine portion of the LPRSA (from 
the mouth of Newark Bay to approximately RM 7) found that blue crab ranged from 
6.1 to 19.2 cm in width (an average of 11.9 cm), and from 13 to 269 g in weight (an 
average of 103 g) (Tierra Solutions 2002b). The blue crab collected for various surveys 
in 2009 and 2010 from the 17.4-mile stretch of the LPR (from Newark Bay to Dundee 
Dam) were similar in size; blue crab ranged from 1 to 19.9 cm in width (an average of 
12 cm) and from 0.5 to 350 g in whole-body mass (an average of 140 g) (Windward 
2010, 2011c).  

Many factors influence the growth rates of blue crab. They go through a series of 
molts, beginning during the larval stage, before becoming adults. The frequency of 
molting and molt increments, which vary according to location and environmental 
factors (e.g., temperature, salinity, and availability of food), determine the growth rate 
of blue crab (Tagatz 1968; as cited in Stehlik et al. 1998). Growth rates of blue crab also 
vary depending on sex, age, habitat salinity, and existing injuries (Newcombe 1948; as 
cited in Hill et al. 1989; Van den Avyle and Fowler 1984).  

Laboratory studies have been conducted to understand the growth of blue crab. One 
study by Leffler (1972; as cited in Hill et al. 1989) started with 2-cm crabs and 
measured growth in four different water temperatures. The study found growth rate 
to be proportional to water temperature, and growth and molting to cease at 
temperatures less than 13°C. The optimum water temperature for blue crab to grow is 
estimated to be 15°C, which typically occurs by May in Delaware Bay and Great Bay, 
and about a month later in Raritan Bay (Stehlik et al. 1998). 

3.3 HABITAT AND DISTRIBUTION 
Blue crab inhabit all areas of estuaries (Churchill 1919; Newcombe 1945; Palmer 1974; 
Music 1979; all as cited in Hill et al. 1989). Although shallow saltwater marsh habitats 
are important nurseries for juveniles (Weinstein 1979; as cited in Hill et al. 1989), 
mature ma1es prefer creeks, rivers, and upper estuaries. This preference may be a 
response to salinity rather than other physical or biological habitat features (Churchill 
1919; Williams 1965; Music 1979; all as cited in Hill et al. 1989). When not mating, 
mature females usually prefer high-salinity areas in lower estuaries and the 
surrounding waters (Churchill 1919; Van Engel 1958; Palmer 1974; Music 1979; all as 
cited in Hill et al. 1989). The optimal habitat for small, juvenile blue crabs is shallow 
estuarine water with soft detrital or mud substrates (Adkins 1972; as cited in Hill et al. 
1989). Larger crabs prefer deeper estuarine waters with harder substrates. In New 
Jersey, Stehlik et al. (1998) found blue crab on various substrates, including bare sand, 
mud, shell hash, eel grass, macroalgae, and flooded marsh grasses. Blue crab bury 
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themselves in mud during the winter and emerge in the spring as temperatures rise 
(Cook 1981; Schmidt 1985; both as cited in Hill et al. 1989). 

Blue crab migrations within estuarine systems are related to life cycle phases, the 
season and, to a lesser extent, the search for more favorable conditions (Churchill 1919; 
Fiedler 1930; Truitt 1939; Fischler and Walburg 1962; all as cited in Hill et al. 1989). 
Most blue crab move to relatively deep, warm waters in winter and return to rivers, 
tidal creeks, and saltwater marshes in the spring (Livingston 1976; Subramanyam and 
Coultas 1980; both as cited in Hill et al. 1989). Early works by Fiedler (1930; as cited in 
Hill et al. 1989) Truitt (1939; as cited in Hill et al. 1989), and Cronin (1949; as cited in 
Hill et al. 1989) on blue crab in Chesapeake Bay indicate that females overwinter by 
burrowing in the mud at the mouths of bays before spawning in the spring (Cook 
1981; Schmidt 1985; both as cited in Hill et al. 1989). Then, after mating, females 
migrate to high-salinity waters in lower estuaries, sounds, and nearshore spawning 
areas (Churchill 1919; Darnell 1959; Fischler and Walburg 1962; all as cited in Hill et al. 
1989). The migration of male blue crab is non-directional; in warmer months, males 
generally stay in low-salinity waters such as creeks, rivers, and upper estuaries 
(Churchill 1919; Van Engel 1958; Dudley and Judy 1971; Music 1979; all as cited in Hill 
et al. 1989). Adult blue crab rarely move from one estuarine system to another (Porter 
1956; Fischler and Walburg 1962; Cargo 1968; Judy and Dudley 1970; Hill et al. 1989); 
when they do, they usually remain in adjacent coastal areas, but a few tagged female 
blue crab have been recovered 100 to 540 km from their release sites.  

During three seasonal community structure surveys conducted in 2009 and 2010, blue 
crab were found to occupy nearly the entire 17.4-mile stretch of the LPR (from the 
mouth of the LPR at Newark Bay to approximately RM 17 just downstream of Dundee 
Dam) (Windward 2010, 2011c). Blue crab were more abundant in the estuarine portion 
of the LPRSA (i.e., below RM 8); 73% of the blue crab caught during the surveys were 
located below RM 8.  

3.4 SPAWNING AND REPRODUCTION  
In the Delaware Estuary, blue crab reach sexual maturity at approximately 18 months 
of age (NOAA 2007). Females first spawn two to nine months after mating, in lower 
estuaries of high salinity in coastal areas, usually during May through August of the 
following season (Hill et al. 1989). Females mate only once in their lifetimes and do not 
molt or grow again afterward (Van den Avyle and Fowler 1984). Generally, they 
overwinter before spawning by burrowing in the sediment at or near the mouths of 
bays (Stehlik et al. 1998). Spawning in Delaware Bay peaks from late July to August 
(Stehlik et al. 1998).  

In New Jersey, in the coastal waters of Delaware Bay, blue crab nursery grounds are 
found along shorelines and in tributaries, and female blue crab with egg masses are 
present from spring through December (Stehlik et al. 1998). Typically, the incubation 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
14 

 

period for blue crab is 1 to 2 weeks (Hill et al. 1989), with eggs hatching at salinities of 
23 to 33 ppt and temperatures of 19 to 29 C (NOAA 2007). Survival of eggs to maturity 
is low, averaging only one out of every million eggs (Van Engel 1958; as cited in Hill et 
al. 1989). Typically, after the female releases the eggs, the larvae develop in waters on 
the inner continental shelf before returning to the estuaries during the midsummer 
months (Stehlik et al. 1998). During seasonal community structure surveys in summers 
2009 and 2010 along the 17.4-mile stretch of the LPR, both juvenile and adult blue crab 
were found in the estuarine portion (Windward 2010, 2011c). As juvenile blue crab 
develop and grow, they migrate to the shallow salt waters with lower salinities 
typically found in upper estuaries and rivers to mature (Hay 1905; as cited in Iannuzzi 
et al. 1996). On average, a blue crab lives two-and-a-half years, but can live up to three 
years (NOAA 2007). 

New Jersey waters offer fewer months of suitable temperatures than some other areas 
inhabited by blue crab, so it is likely that there is only one major settlement of blue 
crab per year. During two studies performed in 1986 and 1987, measured densities of 
juvenile crab in New Jersey coastal waters averaged from zero to three per square 
meter. They were observed in various habitats, such as eelgrass, macroaglae, marsh 
creeks, and unvegetated sites in Little Egg Harbor and Great Bay (Wilson et al. 1990; as 
cited in Stehlik et al. 1998). These studies also reported blue crab recruitment is much 
lower in New Jersey than in the southern states of Virginia and Louisiana (Wilson et 
al. 1990; as cited in Stehlik et al. 1998). 

3.5 DIET  
Blue crab are important detritivores and scavengers throughout their range. Blue crab 
larvae are phytoplanktivorous (Darnell 1959; as cited in Hill et al. 1989) and readily 
consume dinoflagellates and copepod nauplii (Tagatz 1968; as cited in Hill et al. 1989). 
The omnivorous adult blue crab eat fish larvae, small shellfish, and aquatic plants 
(Van Engel 1958; Darnell 1959; Tagatz 1968; all as cited in Hill et al. 1989); cannibalism 
is common among all blue crab life stages (Hay 1905; Churchill 1919; Darnell 1959; 
Tagatz 1968; all as cited in Hill et al. 1989). Post-larval blue crab are considered 
scavengers, bottom carnivores, detritivores, and omnivores (Hay 1905; Darnell 1959; 
Adkins 1972; all as cited in Hill et al. 1989). 

Diet studies have shown that the predominant foods consumed by adult blue crab 
vary greatly. Some common items are dead and live fish, crab (including juvenile or 
molting blue crab), organic debris, shrimp, molluscs (including mussels, clams, 
oysters, and snails), and aquatic plants (Newcombe 1945; Darnell 1959; Williams 1965; 
Tagatz 1968; Arnold 1984; Warren 1985; all as cited in Iannuzzi et al. 1996). Truitt 
(1939; as cited in Hill et al. 1989) found that the roots, shoots, and leaves of eel grass 
(Zostera sp.); ditch grass (Ruppia sp.); sea lettuce; and salt marsh grass (Spartina sp.) 
were commonly eaten by blue crab in saltwater marshes, tidal creeks, and other 
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shallow estuarine areas. Darnell (1958; as cited in Hill et al. 1989) concluded that 
molluscs were the dominant food of crabs wider than 120 mm.  

Stehlik et al. (1998) examined the stomachs of more than 400 blue crab from Raritan 
Bay, and found that they had consumed, by volume, 44% molluscs, 40% crab, 1% 
polychaetes, and 15% other or unidentified matter. In a study in a northern Florida 
estuary, blue crab diet varied according to size class (Laughlin 1982; as cited in 
Iannuzzi et al. 1996). Blue crab less than 31 mm wide fed on algae and detritus in equal 
measures (28% each), ostracods (11%), and bivalves (26%); blue crab from 31 to 60 mm 
wide mainly fed on molluscs (39%), and to a lesser extent on fish (15%), crustaceans 
(16%), and plants and detritus (18%); for blue crab wider than 60 mm, molluscs (43%) 
and crustaceans (32%) were the major food sources, and fish made up approximately 
15% of the diet (Laughlin 1982; as cited in Iannuzzi et al. 1996).  

3.6 ENVIRONMENTAL CONDITIONS  
Blue crab inhabit waters ranging from near-ocean salinity to freshwater in rivers as far 
as 195 km upstream from the coast (Tagatz 1968; Palmer 1974; both as cited in Hill et 
al. 1989; Stehlik et al. 1998). Water salinities of 22 to 28 ppt are needed for eggs to hatch 
and larvae to develop normally, but survival and growth of small, juvenile blue crab 
may be normal at salinities as low as 5 ppt (Newcombe 1945; as cited in Hill et al. 
1989). If salinity is too low, however, larvae may hatch prematurely and die (Van 
Engel 1958; as cited in Hill et al. 1989). Although specific salinity levels are not critical 
for post-larval blue crab survival and growth (Odum 1953; Costlow 1967; Adkins 1972; 
Palmer 1974; all as cited in Hill et al. 1989), the occurrence of mature ma1es generally 
decreases when salinity is greater than 10 ppt (Music 1979; as cited in Hill et al. 1989). 
Holland et al. (1971; as cited in Hill et al. 1989) found that salinities from 2 to 21 ppt 
had little effect on the growth and survival of juveniles. Furthermore, Gunter (1938; as 
cited in Hill et al. 1989) observed that post-larval blue crab move into freshwater.  

Surface water salinity in the LPRSA ranges from freshwater (0 ppt) to approximately 
20 ppt (Windward [in prep]-b). As mentioned above, blue crab were caught 
throughout the LPRSA during the three seasonal fish community surveys conducted 
in 2009 and 2010, which provides evidence of the blue crab’s wide range of salinity 
tolerance. Although a larger number of blue crab were caught in the lower, more 
saline portion of the LPRSA (658 blue crab [73%] caught between RM 0 and RM 8) 
compared to the number caught in the freshwater portion (234 blue crab [26%] caught 
between RM 9 and RM 17.4), the size ranges of blue crab were similar in both portions 
of the LPRSA.  

Water temperature influences the growth and survival of blue crab. Williams (1965; as 
cited in Hill et al. 1989) found that larval blue crab reared in temperatures of less than 
21°C did not develop beyond the first larval stage; they did not progress past the third 
larval stage when reared in waters of 30°C or higher. Blue crab are more tolerant of 
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low temperatures than some fish species, and their ability to burrow into the substrate 
apparently enables them to be insulated from cold water (Music 1979; Weinstein 1979; 
both as cited in Hill et al. 1989). Experiments by Holland et al. (1971; as cited in Hill et 
al. 1989) indicated that mortality increased at temperatures above 30°C; the upper 
lethal temperature for juvenile blue crab was measured at 33°C. Leffler (1972; as cited 
in Hill et al. 1989) measured crab growth at four temperatures and found that mean 
carapace width generally decreased with decreasing temperature; growth rate and 
mortality were proportional to water temperature from 15 to 34°C (Churchill 1919; 
Leffler 1972; as cited in Hill et al. 1989). Leffler (1972) observed that crab acclimated to 
water of 34°C were also hyperactive; activity and aggression in blue crab decreased 
with temperature until 13°C, when almost no movement occurred.  

3.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 3-1 summarizes blue crab life history information for parameters that will be 
used in the BERA, or in the site-specific bioaccumulation model. Life history 
parameter values will be selected from information presented in Table 3-1, along with 
site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 
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Table 3-1. Life history parameters of blue crab 
Exposure Factor Unit Valuea Source/Rationale 

Body weight (adults)  g 
13 – 269 (average = 103) Tierra Solutions (2002b) 

0.5 – 350 (average = 140) Windward (2010, 2011c) 

Width (adults)  cm 

13.2 Scarlett et al. (2009) 

5.5 – 20.9 Williams (1984) as cited in Hall et al. (1989) 

6.1 – 19.2 (average = 11.9) Tierra Solutions (2002b) 

1 – 19.9 (average = 12) Windward (2010, 2011c) 

Food ingestion rate (adults) g/day nab nab 

Incidental sediment ingestion  % nab nab 

Invertebrate diet proportion 
(polychaetes, insects, 
crustaceans, and molluscs) 

% 
85 Stehlik et al. (1998) 

57 – 75 Laughlin (1982) as cited in Iannuzzi et al. 
(1996) 

Fish diet proportion % 4 – 15 Laughlin (1982) as cited in Iannuzzi et al. 
(1996) 

Other diet proportion 
(unknown, algae, detritus, and 
plankton) 

% 
15 Stehlik et al. (1998) 

8 – 38 Laughlin (1982) as cited in Iannuzzi et al. 
(1996) 

Home range m nac nac 

LPRSA seasonal use  season spring, summer, fall, winter Tierra Solutions (2002b); Windward (2010, 
2011c) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on food ingestion rates or incidental sediment ingestion rates of adult blue crab were not 

available from the reviewed literature. Iannuzzi et al (1996) reported ingestion rates for juvenile crab, but these 
data are not included in this table because they will not be used in the risk assessment or food web model. The 
following website contains additional information on the use of crab ingestion in an individual crab-based 
model: http://www.esapubs.org/Archive/mono/M076/016/appendix/node14.html 

c Empirical data on blue crab home ranges are not available; however, given that blue crab are known to migrate 
from estuaries (where spawning occurs) to lower salinity areas (as juvenile crabs mature), including rivers (Hay 
1905; as cited in Iannuzzi et al. 1996), their home ranges are likely relatively large.  

LPRSA – Lower Passaic River Study Area 
na – not available 
Windward – Windward Environmental LLC 
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4 Mussels: Eastern Elliptio (Elliptio complanta) and Ribbed 
Mussel (Geukensia demissa) 

This section presents life history profiles for the two mussel species, the eastern elliptio 
(Elliptio complanata) and the ribbed mussel (Geukensia demissa), that were used in the in 
situ caged bivalve study conducted in the LPRSA in spring 2011 (Windward 2011b). 
The purpose of the in situ caged bivalve study was to evaluate the potential for caged 
bivalves to be used as a long-term monitoring tool of chemicals in the water column of 
the LPRSA, prior to and following remediation. In addition, per USEPA direction, 
chemical concentrations in the tissue of caged bivalve will be used to assess the effects 
of LPRSA chemicals on bivalves.  

4.1 SIGNIFICANCE AND USE 
Mussels are bivalves that have two hinging shells protecting their soft bodies. They are 
filter feeders that feed on a variety of microscopic particles, including organic detritus, 
bacteria, and phytoplankton, in the water column (Pennak 1978). Adult freshwater 
elliptio mussels are sedentary and burrow into the sediment. Adult ribbed mussels 
anchor themselves to solid objects in the sediment, to vegetation, or to other mussels, 
forming dense aggregations. As filter feeders, mussels can be considered ecologically 
important species in aquatic ecosystems, because they improve water quality and 
affect nutrient cycling. They are also important components of the food web as sources 
of nutrients for other wildlife. 

Mussel species are often used in biomonitoring programs to evaluate water quality or 
the bioavailabilty of chemicals in the water column (Gewurtz et al. 2003), since 
mussels are filter feeders, are long-lived, and tend to remain in the same general place 
for the duration of their lives (Maryland DNR 2010; Grabarkiewicz and Davis 2008). 
Mussels are particularly well suited for some contaminant investigations because, as 
benthic/epibenthic filter feeders, they are exposed to contaminants in both the water 
column and sediment (Grabarkiewicz and Davis 2008). They are especially valuable 
indicator organisms because contaminants accumulate in their tissues through feeding 
and surface contact with sediment and water (Coen and Walters 2006), although 
primarily from water (Gewurtz et al. 2003). E. complanata has been used extensively to 
monitor water column and sediment exposures in freshwater environments in the 
northern parts of the United States and in Canada (ASTM 2007). Numerous laboratory 
studies have also been conducted using the eastern elliptio (ASTM 2007). 

Freshwater mussels perform important functions in streams, rivers, and lakes, from 
filtering nutrients and sediments to providing habitat and food for other animals 
(Maryland DNR 2010). Mussels are preyed upon by a variety of animals, such as 
snails, crabs, otters, muskrats, and some shore birds and ducks. Mussel larvae and 
juvenile mussels are often preyed upon by fish (McMahon and Bogen 2001). 
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4.2 HABITAT AND DISTRIBUTION 
Mussels are sedentary, although they can reattach or rebury themselves following 
some disturbances (McMahon and Bogen 2001).  

The ribbed mussel is an estuarine and coastal species native to the Atlantic and is 
commonly found in intertidal habitats (Blackwell et al. 1977). Ribbed mussels do not 
burrow completely into the muddy or sandy bottom, but remain partially exposed, 
protruding above the surface. Ribbed mussels are also found on pilings or within 
oyster reefs, buried in marsh peat or in the root mass of Spartina marsh grass (Coen 
and Walters 2006). Ribbed mussels have the ability to reattach themselves if dislodged, 
providing this species with opportunities to respond to displacement disturbances 
(Coen and Walters 2006). 

The eastern elliptio is the most abundant and widespread freshwater mussel in 
northeastern North America. It can inhabit both flowing and standing water, and can 
withstand many forms of habitat disturbance and environmental pollution (Maryland 
DNR 2010). Elliptio are found in small streams, large rivers, tidal freshwaters, and 
ponds and lakes in water depths of 0.5 to 1.5 m (NatureServe 2010). The preferred 
habitat of eastern elliptio ranges from muddy sand to sand and gravel/pebble bottoms 
in rivers and creeks with slow to moderate current (McMahon and Bogen 2001).  

4.3 SPAWNING AND REPRODUCTION 
Freshwater mussels usually spawn once per year (Thorp and Covich 2010; McMahon 
and Bogen 2001). Most eastern elliptio spawn in June or July, but depending on 
climate and location, they may spawn as early as May or as late as September (ASTM 
2007). To spawn, males release sperm into the water. The sperm is then drawn into the 
female through the incurrent siphon and ripe eggs are fertilized internally (Gray 2009; 
Downing et al. 1993). After fertilization, eggs are brooded in the female’s marsupial 
gill pouches, where they develop into a microscopic larvae called glochidia. 
Approximately one month after fertilization, mature glochidia are released into the 
water column through the female’s excurrent siphon, at which time they must quickly 
parasitize a specific host fish (Gray 2009; Downing et al. 1993). The glochidia remain 
attached to the host for up to several months before metamorphosing into juvenile 
mussels, at which time they detach and settle to the substrate, where they live 
interstitially in the sediment for 3 to 4 years before becoming adult mussels. This 
parasitic relationship with a host fish allows the eastern elliptio to spread beyond its 
original range (e.g., lakes and ponds) while remaining in suitable areas of quickly 
flowing water (e.g., streams). Confirmed host fish for elliptio larvae include banded 
killifish (Fundulus diaphanous), green sunfish (Lepomis cyanellus), redear sunfish 
(Lepomis microlophus), pumpkinseed (Lepomis gibbosus), bluegill (Lepomis macrochinus), 
orange-spotted sunfish (Lepomis humilis), largemouth bass (Micropterus salmoides), 
yellow perch (Perca flavescens), and white crappie (Poxomis annularis) (Grabarkiewicz 
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and Davis 2008; NatureServe 2010). Eastern elliptio can live up to 100 years and grow 
to be as large as 12.5 cm in length (Maryland DNR 2010). 

Ribbed mussels spawn between June and September, depending upon the region and 
local conditions (Puglisi 2008); from New Jersey to southern New England, spawning 
occurs in June and July (Franz 1997). Borrero et al (1987) observed that regional 
differences between separated populations do not have as great an effect on ribbed 
mussel reproduction seasonality as does mussel location within the tidal zone.  

Ribbed mussel larvae are planktonic and can disperse long distances before settling on 
substrate and beginning adult life (Coen and Walters 2006). Ribbed mussels can live 
for more than 15 years and grow to be as large as 10 cm in length (Coen and Walters 
2006).  

4.4 DIET 
Adult mussels are filter feeders, able to ingest a broad range of particle sizes of algae, 
bacteria, detritus, and plankton (McMahon and Bogen 2001). Ribbed mussels are one 
of the few bivalves able to forage on small-sized bacterioplankton; most other bivalves 
consume only larger phytoplankton (Coen and Walters 2006). Ribbed mussels often 
occupy intertidal habitats, which restricts feeding to high tide periods. Additionally, 
the ribbed mussel has no external siphon; rather, it loosely draws water over its gills 
(Coen and Walters 2006). Eastern elliptio are usually submerged and can feed 
continuously (Coen and Walters 2006). 

4.5 ENVIRONMENTAL CONDITIONS  
The eastern elliptio tolerates water temperatures between 0 to 30ºC and salinities of 
0 to 3 ppt (ASTM 2007). The ribbed mussel is hardy and can tolerate water 
temperatures as high as 45°C. Although the ribbed mussel is a marine species, it can 
tolerate salinities as low as 6 ppt, although optimal salinity ranges between 12 and 
30 ppt. (Puglisi 2008). 
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5 Mummichog (Fundulus heteroclitus) 

This document is a life history profile for mummichog (Fundulus heteroclitus). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA. Risk assessment exposure parameters will also be used to parameterize the 
site-specific bioaccumulation model. 

5.1 SIGNIFICANCE AND USE 
Mummichog belong to a group of fishes known as killifish, which are members of the 
family Cyprinodontidae. Although not valued as sport fish or by commercial fisheries, 
the species is considered ecologically significant in the food chain (Abraham 1985). 
Mummichog constitute a large portion of the total population of small fish occupying 
tidal creeks, saltwater marshes, lagoons, and other shallow coastal habitats along the 
Atlantic Coast of North America (Abraham 1985; Weisberg and Lotrich 1982) and are 
year-round residents of the Lower Passaic River (LPR) (Iannuzzi et al. 2002). Because 
of both their wide distribution and high abundance, mummichog play important 
roles, as both predator and prey, in the movement of organic materials in estuaries 
and saltwater marshes (Kneib 1986).  

Predators of mummichog include piscivorous birds and fish, such as blue heron, 
egrets, terns, gulls, American eel, bass, perch, and crabs (Abraham 1985; Kneib 1986). 
Because of their abundance and hardiness, mummichog are also frequently used in 
research, such as bioassays to assess water quality and environmental stressors 
(e.g., temperature, salinity, and contaminants) (Isai et al. 1979 as cited in Abraham 
1985; Atz 1986; Eisler 1986). 

5.2 SPECIES SIZE CLASS  
Mummichog are small foraging fish, with adults ranging in length from 3.5 to 12 cm 
and weighing from 4 to 10 g (Armstrong and Child 1965 as cited in Abraham 1985; 
Able et al. 2006; Tierra Solutions 2002b). At hatching, mummichog larvae are an 
average of 0.5 cm in length (Hardy 1978a; as cited in Abraham 1985) and transition 
from larval to juvenile when they are between 1.3 and 1.7 cm in total length (Talbot 
and Able 1984; Kneib 1984). Juveniles, known as young of the year, range from 1.5 to 
4.0 cm in total length (Kneib 1986; Talbot and Able 1984; Able et al. 2006). Mummichog 
collected from the LPRSA by Windward in 2009 and 2010 ranged from 2.8 to 11 cm in 
total length (with an average of 5.9 cm) and weighed from 0.3 to 16 g (with an average 
of 3.25 g), as reported in Windward (2010, 2011c). 
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5.3 HABITAT AND DISTRIBUTION 
Mummichog are found along the Atlantic Coast of North America from Florida to 
Newfoundland, preferring coastal areas and tolerating both salt and fresh water 
(Lotrich 1975; Kneib 1986). They inhabit bays and tidally influenced rivers and creeks 
or estuaries, prefer shallow water near the shoreline, and do not typically go deeper 
than 3.7 m (12 ft) (Bigelow and Schroeder 1953). They are usually found within 110 m 
of shorelines along intertidal marshes and mudflats (Armstrong and Child 1965 as 
cited in Abraham 1985; Hardy 1978a as cited in Abraham 1985; Lotrich 1975).  

Mummichog are commonly stranded in small, intertidal pools when the tide ebbs. As 
long as water remains in these pools, the fish will stay there until the next high tide 
(Halpin 2000). If the intertidal pools go dry, mummichog will either burrow into the 
mud or flop over the intertidal area in an attempt to find another pool or return to the 
primary water source (Bigelow and Schroeder 1953).  

Habitat preference is determined by seasonal environmental changes, predation 
opportunities, and abundance of prey (Halpin 2000). Mummichog will even 
temporarily utilize poor habitat in order to avoid predators. Mummichog prefer 
habitats of marsh grass, such as smooth cordgrass (Spartina alterniflora), and vegetated 
mudflats, although the species can be found on a wide variety of substrates (Taylor 
1986; Bigelow and Schroeder 1953 as cited in Abraham 1985). Studies of marsh 
vegetation indicate that the growth, production, and survival of mummichog 
populations is affected by the types of vegetation where the fish are found (Hagan et 
al. 2007; Weinstein et al. 2009). Habitats containing Spartina alterniflora are considered 
superior to those dominated by the common reed (Phragmites australis) for supporting 
mummichog populations. 

Mummichog are thought to have strong site fidelity with a home range historically 
considered to be small, 36 to 38 m for adults (Lotrich 1975). More recent studies report 
ranges varying from 10s to 100s of meters (Currin et al. 2003) and up to 650 m in a 
recent recapture study that looked at mummichog site fidelity in areas with greater 
tidal fluctuations (Sweeney et al. 1998). These recent studies indicate that site specific 
factors influence the size of the mummichog home range. 

Mummichog generally prefer one shoreline and seldom cross to the opposite bank of a 
river or creek (Halpin 1997). During the summer, when the mummichog population is 
largest, they use channels more intensively. They do not migrate in the spring or 
summer to spawn, but in the winter they may travel upstream to areas of lower 
salinity or to shallow intertidal salt marsh pools (Smith and Able 1994; Fritz et al. 
1975); they have also been reported to congregate in high intertidal habitats, such as 
ponds and creeks, within marsh areas (Halpin 2000). In the winter, mummichog may 
also burrow in the mud as deep as 15 cm (Hardy 1978a as cited in Abraham 1985; 
Raposa 2003). Mummichog prefer to burrow in sediment with a large percentage of 
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fine-grained sediment and organic material, since such sediment is better able to retain 
heat and therefore offers greater protection from cold winter temperatures. 

Windward conducted comprehensive seasonal fish community surveys and tissue 
collection efforts in the LPRSA in 2009 and 2010 (Windward 2010, 2011c). The 
distribution and habitat preferences of mummichog observed by Windward during 
these field efforts are consistent with the findings described above and appear to be 
influenced by site-specific factors. During the fall 2009 and spring and summer 2010 
field efforts, when water temperatures were higher, mummichog were present 
primarily in the estuarine portions of the LPRSA (RM 0 to RM 10), but were also 
captured in lower numbers in the freshwater portions (RM 10 to RM 17.4). 
Mummichog were not found during wintertime fish surveys conducted in the LPRSA, 
possibly because of the species’ seasonal preference for burrowing in the mud or 
moving to upstream creeks and tributaries. During field efforts conducted in the 
spring and summer of 2010 specifically focused on the collection of small forage fish 
tissue in the LPRSA (Windward 2011c), it was observed that mummichog prefer 
shallow water habitats and mudflats, often with overhanging or shoreline vegetation.  

5.4 SPAWNING AND REPRODUCTION 
Mummichog in New Jersey typically spawn from spring (as early as March) to late fall 
(as late as September), when water temperatures are above 20°C (Talbot and Able 
1984; Hardy 1978a as cited in Abraham 1985). Spawning occurs in water with a wide 
range of salinity levels, from fresh to salt water, and mating typically begins in 
shallow, vegetated shorelines (Petersen et al. 2010). During high spring tides and in 
conjunction with new and full moons, a female mummichog will lay her eggs along 
the shoreline above the mean high water line (Burnett et al. 2007; Kneib 1986). 
Spawning habitats include marshes and mudflats but may vary depending on 
available substrate (Able 1984). Females have been known to lay their eggs on dead 
Spartina alterniflora leaves, in the shells of ribbed mussels, buried in pits along a 
mudflat, or on top of the available substrate. In the literature review conducted by 
Able (1984), it is noted that while mummichog from Delaware south more commonly 
lay their eggs in ribbed mussel shells, New England populations of mummichog 
prefer to lay their eggs in mudflats and algae mats. More recently, however, Petersen 
et al. (2010) observed mummichog in New England marshes spawning on  
non-vegetated gravel substrate. 

Mummichog eggs are incubated in air and do not hatch until inundated by the next 
tide that is higher than the mean high water line, which typically happens 12 to 14 
days after spawning (Taylor and DiMichele 1980 as cited in Abraham 1985; Radtke 
and Dean 1979 as cited in Kneib and Parker 1991). Hatching occurs from May to 
September but peaks in June and July (Talbot and Able 1984). After hatching, larval 
mummichog remain in the intertidal zone in marsh and mudflat pools for six to eight 
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weeks, after which, as juveniles, they move into the shallow water to join the adults 
(Taylor et al. 1979 as cited in Abraham 1985). The typical lifespan of mummichog is 
three to four years (Abraham 1985). 

5.5 DIET 
Mummichog are opportunistic and will feed on just about any subtidal or intertidal 
benthic or water column organism (Weisberg and Lotrich 1982). They feed primarily 
during daytime high tides, when the vegetated intertidal areas are flooded (Weisberg 
and Lotrich 1982; Kneib 1986). The size of a mummichog’s prey is limited by the size 
of the fish’s mouth (Vince et al. 1976 as cited in Abraham 1985). Therefore larger 
mummichog typically consume larger prey found at the water’s surface or within the 
water column (Kneib and Stiven 1982 as cited in Abraham 1985), whereas larval and 
juvenile mummichog, which are smaller than adults and also restricted to intertidal 
marsh or mudflat areas, have a diet consisting primarily of small benthic invertebrates 
(Kneib 1986). 

Several studies in variable habitats have demonstrated that a mummichog’s diet 
consists of detritus, algae, small crustaceans (i.e., amphipods, tanaids, copepods, 
ostracods), and insects (adult and larvae) and polychaetes (Abraham 1985; Allen et al. 
1994; James-Pirri et al. 2001; Kneib 1986; Currin et al. 2003). Detritus is often consumed 
incidentally by all mummichog while feeding on the water’s surface or bottom 
substrate (Kneib 1986). Currin et al (2003) reported that although detritus and algae 
make up a significant portion of a large (> 2.5 cm) mummichog’s diet, the carbon and 
nitrogen in these food sources are not readily assimilated and, therefore, the detritus 
and algae are providing little nutritional value (Currin et al. 2003; Allen et al. 1994). 
Overall, based on the prey consumed by mummichog, they are considered at least two 
trophic levels above primary producers (Currin et al. 2003).  

Gut contents examined by Currin et al. (2003) indicated that small mummichog 
(< 2.5 cm) feed predominately on benthic organisms found on the sediment surface, 
such as amphipods, copepods, and gastropods. The gut contents of large mummichog 
(> 2.5 cm) indicated a more varied diet, including prey found in the water column and 
at the water surface, but also contained a greater proportion of detritus and algae. 
These findings suggest that smaller mummichog are at less risk for incidental 
ingestion of sediment than larger fish. In a salt marsh along the North Carolina coast, 
mummichog stomachs were observed to contain the following: algae (17%), 
crustaceans (23%), detritus/fish eggs/algae-detritus conglomerate (14%), polychaetes 
(26%), and insects (15%);  4% of the stomachs were empty (Kneib and Stiven 1982 as 
cited in Iannuzzi et al. 1996). Stomach contents of mummichog varied based on size of 
mummichog (i.e., larger fish consumed crabs, detritus, and algae more frequently than 
did smaller fish) and varied seasonally (in winter months, stomach contents primarily 
consisted of small crustaceans and polychaeates, rather than algae, insects, crabs, and 
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detritus, which were consumed in the spring, summer, and fall months) (Kneib and 
Stiven 1978 as cited in Ianuzzi et al. 1996). 

Discrepancies in food ingestion rates are common among mummichog studies, since 
environmental conditions and seasonal variability can affect ingestion rates, as can 
diet, as determined by Weisberg and Lotrich (1982). In this laboratory study, three 
different diets yielded three different average ingestion rates of 42.6, 59.9, and 
72.1 mg food/g fish/day, ranging from 4.3 to 7.2% of body weight per day. The 
ingestion rates of the fish in this study were nearly 50% lower than those of the fish 
collected from a natural population, in which ingestion rates averaged 12.89% of body 
weight per day (Weisberg et al. 1981; as cited in Weisberg and Lotrich 1982).  

Based on an extensive literature review of exposure parameters, including ingestion 
rates, Iannuzzi et al. (1996) developed mummichog exposure factors to evaluate 
uptake of contaminants. These exposure factors are presented in Table 5-1 as 
presented by Iannuzzi et al (1996).  

Table 5-1. Exposure factor distribution functions of mummichog 

Exposure Factor Unit 
Distribution 

Function  

Parameter Values 

Minimum  Mean Maximum  
Standard 
Deviation  

Body weight (adults)  g truncated normal 0.2 3 12 2.2 

Length (adults)  cm truncated normal 1 4.7 9 1.2 

Length (larvae)  cm truncated normal 0.4 0.6 1.3 0.22 
Lipid content (total)  % uniform 0.01 na 0.035 na 
Food ingestion rate  g/g/d truncated normal 0 0.058 0.13 0.024 

Food assimilation efficiency 
(larvae)  % uniform 0.3 na 0.5 na 

Food assimilation efficiency 
(adult)  % uniform 0.7 na 0.9 na 

Growth rate  % uniform 0 na 0.17 na 

Growth rate  g/d uniform 0.001 na 0.2 na 

Growth rate  cm/d uniform 0.005 na 0.015 na 
Source: Iannuzzi et al. (1996) 
na – not applicable 

5.6 ENVIRONMENTAL CONDITIONS  
Mummichog are extremely tolerant species and can survive in widely fluctuating 
environmental conditions, including contaminants; low dissolved oxygen; high levels 
of carbon dioxide; varying salinity, temperature, and pH; and unfavorable and fouled 
habitat (Huver 1973 as cited in Abraham 1985; Burnett et al. 2007; Weinstein et al. 
2009). Studies have shown that mummichog can tolerate temperatures ranging from 
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1.5°C to 36.3°C (Kneib 1986); however, they do not survive well in water temperatures 
higher than 34°C (de Silva 1969 as cited in Abraham 1985). The species can endure a 
wide range of salinities, from 0 to 120.3 parts per thousand (ppt) (Kneib 1986), but 
exhibits a preference for a higher, brackish salinity (e.g., 20 ppt) over a lower salinity 
(e.g., 8 ppt) (Fritz and Garside 1974 as cited in Abraham 1985). Mummichog are not 
commonly found in full salt water, although they can tolerate it (Abraham 1985).  

Several studies, as reported by Bugel (2009) and Burnett et al. (2007), have determined 
that mummichog populations can develop a resistance to chemical contaminants 
when inhabiting polluted waterways. For example, studies conducted in the Arthur 
Kill and Elizabeth River, both well-documented, highly contaminated sites within the 
Newark Bay Estuary, indicate that mummichog populations can adapt to and become 
tolerant of contaminants (Weis and Khan 1991; Smith and Weis 1997; Meyer and Di 
Giulio 2003). However, it has also been reported that in exchange for this adaptation, 
the exposed fish become more vulnerable to other stressors (Meyer and Di Giulio 
2003).  

5.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 5-2 summarizes mummichog life history information for parameters that will be 
used in the BERA, or in the site-specific bioaccumulation model. Life history 
parameter values will be selected from information presented in Table 5-2, along with 
site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 

Table 5-2. Life history parameters of mummichog 

Parameter Unit Valuea Source 

Body weight  g 
0.2 – 12  Iannuzzi et al. (1996) 

0.3 – 16 Windward (2010, 2011c) 

Length (adults) cm 
1 – 9  Iannuzzi et al. (1996) 

2.8 – 11 Windward (2010, 2011c) 

Food ingestion rate  

mg/g bw-
day 0 – 130 Iannuzzi et al. (1996) 

mg/g bw-
day dw 43 – 72  Weisberg and Lotrich (1982) 

mg/g bw-
day dw 130 Weisberg et al. (1981; as cited in 

Weisberg and Lotrich 1982) 

Sediment ingestion rate g/g-day nab nab 

Invertebrate (infuanal, 
crustacean) diet proportion % 50 – 100%c 

Kneib and Stiven 1982 as cited in 
Iannuzzi et al. (1996),  

Currin et al. (2003) Fish diet proportion % 0%c 

Other (algae) diet proportion % 0 – 30%c 
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Table 5-2. Life history parameters of mummichog 

Parameter Unit Valuea Source 

Home range m 36 – 650 Lotrich (1975); Currin et al. 
(2003), Sweeney et al. (1998) 

LPRSA seasonal use season all seasonsd Tierra Solutions Inc. (2002c), 
Windward (2010, 2011c) 

a When available, empirical data from the literature are provided,  
b Empirical data on incidental sediment ingestion rates were not available for mummichog, although detritus has 

been observed in mummichog stomach contents (Kneib and Stiven 1982 as cited in Iannuzzi et al. 1996; Currin 
et al. 2003). Selected sediment ingestion rates for use in the BERA will be based on qualitative benthic feeding 
habits of mummichog. 

c Empirical data on the proportions of prey in mummichog diets were not available from the literature. The range 
of prey portions were estimated from the dietary information presented in the literature. Small crustaceans, 
polychaetes, and insects likely make up the highest percentages of mummichog diets, with small amounts of 
algae and blue crab (Kneib and Stiven 1982 as cited in Iannuzzi et al. 1996; Currin et al. 2003).  

d Mummichog were collected in the LPRSA during the spring, summer, and fall surveys. Mummichog were not 
found during winter fish surveys conducted in the LPRSA, possibly because of the species’ seasonal 
preference for burrowing in the mud or moving to upstream creeks and tributaries. Mummichog are resident 
species, so they can be assumed to be present at all times.  

BERA – baseline ecological risk assessment 
bw – body weight 
dw – dry weight 
LPRSA – Lower Passaic River Study Area 

na – not available 
T – temperature (ºC) 
Windward – Windward Environmental LLC 
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6 White Perch (Morone americana) 

This section presents a life history profile for white perch (Morone americana). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA. Risk assessment exposure parameters will also be used to parameterize the 
site-specific bioaccumulation model.  

6.1 SIGNIFICANCE AND USE 
White perch are found in coastal waters from Prince Edward Island, Canada, to South 
Carolina (Stanley and Danie 1983), and the coastal areas of New Jersey host some of 
the largest populations of this species (Stanley and Danie 1983). White perch are 
harvested commercially from Massachusetts to North Carolina, with the majority of 
landings being from the Chesapeake Bay estuary (Stanley and Danie 1983). 
Commercial harvests have been declining since the early 1900s (Stanley and Danie 
1983).  

White perch are opportunistic feeders that eat a range of food items. They consume 
detritus, plankton, insects, benthic invertebrates, crustaceans, and other fish, including 
their own young (Schaeffer and Margraf 1986; Stanley and Danie 1983; Weis 2005). 
Using isotope analysis, Weis (2005) identified microalgae and Phragmites australis as 
the most important primary producers in the white perch food web. After white perch 
reach approximately 22 cm in length, they are primarily piscivorous (Stanley and 
Danie 1983). Data indicate that some white perch feed at the same trophic level as 
juvenile mummichog, while others feed at levels comparable to those of mature 
mummichog (Weis 2005). White perch are preyed upon by larger fish (including 
salmon, trout, bass, and walleye [Sander vitreus]) and terrestrial animals, and white 
perch fry are eaten by copepods (Smith and Kernehan 1981; as cited in Stanley and 
Danie 1983; Fitzgerald et al. 2006). 

6.2 SPECIES SIZE CLASS  
The average length of white perch at sexual maturity is 16 cm, and most females 
longer than 15 cm are sexually mature (Klauda et al. 1988). Several studies conducted 
in East Coast rivers provide white perch size information (Setzler-Hamilton 1991).  

White perch captured in 1999 and 2000 from the lower estuarine portion of the LPRSA 
(between RM 1 to RM 7) ranged from 13 to 31 in length (an average of 21 cm), and 
from 40 to 430 g in weight (an average of 161 g) (Tierra Solutions 2002c). The white 
perch collected in 2009 and 2010 from between RM 0 and RM 17.4 ranged from < 1 to 
32 cm in length (an average of 8.8 cm) and from < 1 to 630 g in whole-body mass 
(an average of 27 g) (Windward 2010, 2011c).  
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The average length of white perch captured by trap net, trawl, gillnet, and seine in the 
Hackensack River, New Jersey, between 2001 and 2003 ranged from approximately 
17 to 25 cm (Weis 2005). The length of white perch captured in the Raritan River as 
part of the 2004 monitoring program for chemical contaminants in New Jersey fish 
(Horwitz et al. 2006) was reported to range from 13.8 to 16 cm.  

Growth rates of white perch vary depending on temperature, food supply, and 
population density (Mansueti 1961; as cited in Stanley and Danie 1983). In a study in 
Maryland (Mansueti 1961; as cited in Stanley and Danie 1983), growth was positively 
related to the number of days with water temperatures between 10 and 15 C, and to 
increased solar radiation. Alsop and Forney (1962) attributed the relatively high 
growth rates of white perch in Oneida Lake, New York, to low population densities. 
Eutrophic conditions are thought to be associated with stunted white perch growth 
(Hines 1981; as cited in Stanley and Danie 1983). 

6.3 HABITAT AND DISTRIBUTION 
White perch occupy freshwater and brackish habitats. As they live predominantly in 
open water and may rely on deep water to provide shelter, white perch do not require 
shelter from vegetation, rocks, or other habitat structures (Stanley and Danie 1983; 
Setzler-Hamilton 1991; Klauda et al. 1988). White perch prefer habitat with flat 
substrates consisting of compact silt or sand, mud, or clay material (Stanley and Danie 
1983; Setzler-Hamilton 1991). One study (AuClair 1956; as cited in Stanley and Danie 
1983) found soft, mucky substrates and substrates of decomposing organic matter to 
be less suitable habitat for white perch.  

Water depth and substrate habitat preferences can vary at different stages of the white 
perch life cycle. Spawning usually occurs in shallow areas in tidal creeks or freshwater 
environments (Stanley and Danie 1983). In shallow spawning habitat, white perch 
have been observed to display no preference among different substrate types (Scott 
and Crossman 1973; as cited in Stanley and Danie 1983). Estuaries and shoreline creeks 
serve as nurseries for white perch juveniles for up to 1 year (Stanley and Danie 1983). 
During this time, juveniles prefer waters with substrates of silt, mud, and plant 
material (Hardy 1978b; as cited in Stanley and Danie 1983). Once fry reach lengths of 
2 to 3 cm, they move downstream to beach and shoal areas (Stanley and Danie 1983). 
They are thought to be primarily demersal, inhabiting waters just above the benthic 
zone, but they are also commonly found at depths of between 1 and 4 m (Mansueti 
1961; as cited in Stanley and Danie 1983). Juvenile white perch overwinter in the deep 
pools of tidal creeks, rivers, and bays (Wang and Kernehan 1979; as cited in Stanley 
and Danie 1983). 

During seasonal fish community surveys conducted in 2009 and 2010 along the 
17.4-mile stretch of the LPRSA (Windward 2010, 2011c), white perch were present 
throughout the area (Windward 2010, 2011c), but were in greater abundance in the 
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lower (estuarine) portion than in the upper (freshwater) portion. During the late 
summer/early fall 2009 and spring and summer 2010 field efforts, when water 
temperatures were warmer, white perch were found moving in large schools in the 
estuarine portion; both juveniles and adults were observed. During these fish 
community surveys, white perch were observed most commonly above mudflats or in 
shallow areas with varied substrate, areas with shoreline features of riprap and/or 
bulkhead structures, and areas of deeper water with riprap or rocky substrate and 
overhanging or shoreline vegetation.  

Compared to the other seasonal surveys (winter and late spring/early summer), white 
perch were collected in greatest abundance from the LPRSA during the 2009 late 
summer/early fall field survey. The species was the second most abundant fish within 
the overall LPRSA fish community during the late summer/early fall and late 
spring/early summer surveys. Abundance of white perch was substantially lower 
(only one individual was collected) during the 2010 winter survey, possibly because of 
a wintertime preference for warmer and deeper water, consistent with the life history 
patterns from other studies discussed in this document.  

The movements of adult white perch are also regulated by seasons and water 
temperatures. Spawning migrations are stimulated by warming temperatures in the 
spring; movements are generally upstream and shoreward (Stanley and Danie 1983). 
White perch may or may not migrate to spawn; however, marine populations must 
migrate to freshwater or brackish habitats (Stanley and Danie 1983). White perch often 
form large schools during their spawning migrations (Stanley and Danie 1983). 
Migrations as long as 104 km have been recorded in North Carolina (Kearson 1969). 
After spawning, white perch will often move to deeper waters, and they have been 
observed to overwinter at depths of as much as 40 m, although depths of between 
12 and 18 m are more common (AuClair 1956; Sheri and Power 1969; both as cited in 
Stanley and Danie 1983). 

Data from several studies in the Patuxent River basin indicated that white perch tend 
to remain in the same river system their entire lives (Bowen 1987; Mansueti 1957; both 
as cited in McGrath 2005; Kraus and Secor 2004). Another study hypothesized that the 
salinity barriers at the mouths of tributaries to Chesapeake Bay create distinct 
populations in each river system (Mulligan and Chapman 1989). However, Maltezos et 
al. (1980; as cited in McGrath 2005) found that white perch occasionally move out of 
the Connecticut River system and into Long Island Sound. Seasonal summertime 
movements are considered to be random, and are generally less than 20 km (Hardy 
1978b; Mansueti 1964; both as cited in Stanley and Danie 1983), but patterns have been 
observed in daily vertical movements during the summer. White perch generally stay 
in shallow water approximately 1 m deep at the night and move to deeper water 
(between 4 and 9 m) during the day (Stanley and Danie 1983). In winter, they prefer 
deeper water throughout the day (Stanley and Danie 1983).  
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In a study conducted in two tributaries of the York River in Virginia, white perch were 
observed to have strong site fidelity and a small home range (McGrath 2005). The 
average home range was approximately 145 m2; however, most individual fish had a 
home range of less than 100,000 m2 (0.1 km2), with only a few having larger home 
ranges of between 200,000 and 500,000 m2 (0.2 and 0.5 km2). The activity of white perch 
in one of the two tributaries was concentrated in flooded marsh areas and shallow 
creeks during high tide, and in deeper areas in main channels during low tide. 
Movement between these regions was generally with the tide. In the other tributary, 
activity was generally concentrated around a submerged structure, regardless of tidal 
stage. 

6.4 SPAWNING AND REPRODUCTION 
White perch reach sexual maturity at between 2 and 5 years of age (Hardy 1978b; as 
cited in Stanley and Danie 1983; Klauda et al. 1988). They spawn in estuaries, lakes, 
and rivers in water depths of 7 m or less (Hardy 1978b; as cited in Stanley and Danie 
1983), usually in freshwater but also in brackish water at salinities of up to 4.2 ppt 
(Hardy 1978b; as cited in Stanley and Danie 1983). They spawn in waters with varying 
degrees of movement, turbidity, and tidal action (Wang and Kernehan 1979; as cited in 
Stanley and Danie 1983). In the Hudson River, white perch eggs were collected 
throughout the estuarine portion of the river, although spawning appeared to be 
greater in the upper, freshwater areas (Klauda et al. 1988). Spawning occurs on 
substrates of varying grain size, including clay, sand, gravel, and crushed shell 
material (Stanley and Danie 1983). 

Large groups of white perch assemble during spawning, which begins with warming 
water temperatures in the spring (Stanley and Danie 1983). McGrath (2005) observed 
that spawning in Virginia began when temperatures reached approximately 16°C. 
Spawning typically occurs in April and May for freshwater populations, and from 
May through July for estuarine populations (Stanley and Danie 1983). In the Hudson 
River, most spawning takes place in May and June (Klauda et al. 1988). 

Both eggs and sperm are dispersed randomly (Stanley and Danie 1983). Eggs are often 
released over several separate spawnings within a breeding season (Stanley and Danie 
1983), after which the eggs either attach to substrate or drift downstream in the water 
column. The number of eggs produced by a single female white perch can range from 
several thousand to several hundred thousand, depending on the size and age of the 
fish (more eggs are released by older, larger individuals) (Stanley and Danie 1983). 
Eggs hatch within 30 to 108 hours, depending on water temperature (Stanley and 
Danie 1983). Larvae remain adrift in the spawning grounds for 4 to 13 days, where 
they approximately double in size. White perch generally live between 5 and 7 years, 
but can live for as many as 12 years (Werner 2004). 
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6.5 DIET 
White perch feed on minnows, crustaceans, and in the case of juveniles, insects; larger 
white perch prey more on fish and less on invertebrates than smaller white perch. 
White perch tend to be benthic feeders, feeding at the bottom near the mud-water 
interface (Bath and O'Connor 1985; Weisberg and Janicki 1990). The preference of 
white perch to feed at the bottom of the water column appears to strengthen as size 
and age increase (Mansueti 1964). 

Bath and O’Connor (1985) identified amphipods as the most common food item in 
mature and immature white perch gut contents from the oligohaline zone of the 
Hudson River. Amphipods comprised anywhere from 10 to 100%5 of the identifiable 
food items in immature white perch throughout the year, although amphipod 
consumption was greater in the summer. The percent occurrence of amphipods in the 
gut contents of mature white perch ranged from approximately 25 to 90%, with 
greatest amphipod consumption occurring in July and November. The percent 
occurrence of Crangon shrimp ranged from approximately 0 to 5% throughout the year 
for immature white perch, and from approximately 0 to 10% for mature white perch; 
peaks in Crangon consumption occurred in the fall months. Isopods comprised up to 
10% of the food items identified in immature white perch gut contents throughout the 
year, and up to 20% of the food items identified in mature white perch gut contents. 
Isopod consumption peaked in September for both immature and mature fish. Up to 
20% of the diet of immature white perch consisted of insect larvae throughout the 
year, with higher consumption of insects occurring in the spring and fall. Insects were 
generally not present in the gut contents of mature white perch at any time of the year. 
Plant matter comprised up to 15% of the identifiable food items in immature white 
perch gut contents, with plant consumption peaks in July and October. Throughout 
the year, up to 25% of the diet of mature white perch consisted of plant matter, with 
peaks in May, September, and November. Cladocerans were present in immature 
white perch stomach contents only, and only in the spring, at which time they 
comprised approximately 10% of the diet. Fish eggs were also found only in the gut 
contents of immature fish. In this study, 30% of the food items in gut contents were 
unidentifiable (Bath and O'Connor 1985). While the remains of fish larvae were 
identified as food items in both immature and mature white perch, only mature white 
perch ate larger fish.  

In a study of the feeding habits of white perch in Lake Erie, Schaeffer and Margraf 
(1986) found that primary food items for yearling fish included cladocerans and 
chironomids (Table 6-1). Once young of the year gizzard shad became available in 

 
5 The percentages provided in this paragraph were estimated from graphs provided in Bath and 

O’Conner (1985). 
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August and September, they were also common prey, indicating that white perch prey 
depends on seasonal availability.  

Table 6-1. Food items and their percent of total diet for white perch in Lake Erie 

Food Item 
Percent of Total Diet (by Volume) 

June July August September 
Cladocerans 87 96 10 0 

Copepods 0 0 30 9 

Chironomids 11 3 14 0 

Gizzard shad nr nr 54 77 

Unidentified fish 1 1 3 15 

Fish eggs < 1 nr nr nr 

Source: Schaeffer and Margraf (1986) 
Note: Only food items reported as being a percentage of the white perch diet are included; additional prey items 

were listed in Schaeffer and Margraf (1986), but percentage of total diet was reported as “0” or was not 
reported. 

nr – not reported 

A white perch gut content analysis was also conducted in the Hackensack River, New 
Jersey (Weis 2005). Amphipods were the primary prey item, comprising an average of 
23% of the diet (by percent dry weight) throughout the year. On a  
month-to-month basis, the percentage of the diet consisting of amphipods ranged 
from 0 (in June and September) to 89% (in March). Fish and shrimp each comprised 
17% of the diet on average for the year. Peak shrimp consumption occurred in October 
(49%), and peak fish consumption was in May (79%). Less than 1% of the white perch 
diet consisted of plant material, and 43% of the gut contents could not be identified.  

In a study of the diet of intermediate-sized (from 150 to 200 mm length) white perch 
conducted in the Lower Susquehanna River, Maryland, caddis flies were found to 
account for an average of approximately 75% (by biomass) (Weisberg and Janicki 
1990). Cladocerans were important prey items early in the summer (comprising 
approximately 25% of the diet biomass), but were less important later in the year 
(comprising only 2% of the diet biomass by late summer). Amphipods made up 
approximately 5 to 20% of the diet, depending on the time of year.  

White-fingered mud crab made up just over 50% of the diet of white perch in the York 
River of Virginia (McGrath 2005). Other prey items included fiddler crabs, grass 
shrimp, polychaete worms, blue crab, amphipods, and hydroids.  
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Empirical data on the food ingestion rates of white perch were not identified from the 
literature; however, a general equation presented in Arnot and Gobas (2004) that is 
dependent on body weight and water temperature can be used to estimate the feeding 
ingestion rates of white perch:  

 
)T*06.0(85.0 exp)bw022.0(FIR ××=  Equation 6-1 

Where: 

FIR = food ingestion rate (kg wet weight/day) 
bw = body weight (kg) 
exp = 2.71828 
T = temperature (°C) 

Empirical data on the incidental sediment ingestion rates of white perch were also not 
available from the reviewed literature. Therefore, sediment ingestion rates for use in 
the BERA will be estimated using best professional judgment based on the benthic 
feeding habits of white perch.  

6.6 ENVIRONMENTAL CONDITIONS  
White perch tolerate a range of water temperatures, from 2 to approximately 33 C 
(Hardy 1978b; as cited in Stanley and Danie 1983). Sudden drops in temperature (of 
2 to 3°C) and temperatures below 10°C are often lethal to white perch eggs and larvae 
(Stanley and Danie 1983). Adult white perch living in freshwater can tolerate pH levels 
between 6.0 and 9.0, and this species has not been shown to be sensitive to turbidity at 
any life stage (Hardy 1978b; as cited in Stanley and Danie 1983). 

White perch are also tolerant of a wide range of salinities, inhabiting freshwater to 
saltwater environments with salinities ranging from 0 to 30 ppt (Stanley and Danie 
1983). However, they are most commonly found in salinities between 5 and 18 ppt 
(Hardy 1978b; as cited in Stanley and Danie 1983). White perch prefer salinity levels 
under 4.2 ppt for spawning (Hardy 1978b; as cited in Stanley and Danie 1983). Larvae 
tolerate salinity levels of 3 to 5 ppt, but salinities of 8 ppt and greater may be lethal at 
that life stage (Stanley and Danie 1983). Juveniles are typically found in waters with 
salinity levels ranging from 3 to 8 ppt (Hardy 1978b; as cited in Stanley and Danie 
1983). In McGrath’s (2005) study of white perch movements in the York River and its 
tributaries, white perch did not appear to be overly sensitive to periods of hypoxia or 
to slight decreases in salinity, DO, and temperature caused by a hurricane, as they did 
not show changes in behavior or movements in response to these environmental 
conditions. 
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6.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 6-2 summarizes white perch life history information for parameters that will be 
used in the BERA, or in the site-specific bioaccumulation model. Life history 
parameter values will be selected from information presented in Table 6-2, along with 
site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 

Table 6-2. Life history parameters of white perch 

Parameter Unit Valuea Source 

Body weight  g 

40 – 430 
(average = 161) Tierra Solutions Inc. (2002c) 

< 1 – 630 
 (average = 27) Windward (2010, 2011c) 

Length cm 

17 – 25  Weis (2005) 

13.8 – 16 Horwitz (2006) 

13 – 31 
(average = 21) Tierra Solutions Inc. (2002c) 

< 1 – 32 
(average = 8.8) Windward (2010, 2011c) 

Food ingestion rate  kg/day 0.002 x bw (kg)0.85 x exp(0.06*T) Arnot and Gobas (2004) 

Incidental sediment ingestion  % nab nab 

Pelagic invertebrate diet 
proportion (zooplankton)  % 

2 – 25  Weisberg and Janicki (1990) 

0 – 30 Schaeffer and Margraf (1986) 

Benthic invertebrate diet 
proportion (e.g., crustaceans, 
insects, amphipods)  

% 
> 90 Weisberg and Janicki (1990) 

50 McGrath (2005) 

Fish diet proportion % 

0 – 89 Weis (2005) 

10 – 100 Bath and O’Connor (1985) 

0 – 99 Schaeffer and Margraf (1986) 

0 – 79 Weis (2005) 

1 – 92 Schaeffer and Margraf (1986) 

Other diet proportion (algae, 
plant matter)  % 

< 1 Weis (2005) 

< 15 – 25 Bath and O’Connor (1985) 

Home range km2 0.1 – 0.5 McGrath (2005) 

LPRSA seasonal use season spring, summer, fall, winter Tierra Solutions Inc. (2002c), Windward 
(2010, 2011c) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on the incidental sediment ingestion rates of white perch were not available from the reviewed 

literature. Sediment ingestion rates for use in the BERA will be estimated using best professional judgment 
based on the benthic feeding habits of white perch. 
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BERA – baseline ecological risk assessment 
bw – body weight 
LPRSA–Lower Passaic River Study Area 

na – not available 
T – temperature (ºC) 
Windward – Windward Environmental LLC 
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7 American Eel (Anguilla rostrata) 

This section presents a life history profile for the American eel (Anguilla rostrata). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA. Risk assessment exposure parameters will also be used to parameterize the 
site-specific bioaccumulation model. 

7.1 SIGNIFICANCE AND USE 
American eel play an important and unique role in the ecology of the fresh, brackish, 
and coastal waters along the Atlantic, from the southern tip of Greenland to 
northeastern South America. Due to their broad prey base (Wenner and Musick 1975; 
Ogden 1970; Denoncourt and Stauffer 1993; Lookabaugh and Angermeier 1992), status 
as prey for numerous piscivorous species, and relatively high abundance in the 
LPRSA (Windward 2010, 2011c), American eel play an important role in the structure 
and function of estuarine and freshwater communities.  

Predators of American eel include many other marine and freshwater fish species, 
such as largemouth bass (Micropterus salmoides), striped bass (Morone saxatilis), and sea 
lamprey (Petromyzon marinus), as well as gulls, bald eagle (Haliaeetus leucocephalus), 
and other piscivorous birds such as great blue heron (Ardea herodias) and osprey 
(Pandion haliaetus) (Facey and Van Den Avyle 1987; Gray 1992; Willard 1977). More 
mature American eel and eel of other species, as do other fish species, eat elver, glass 
eel, or other small eel at any stage in their life cycle, as they migrate upstream. Trout 
and salmonids are thought to be ecological competitors with American eel (Gray 
1992).  

Because they spend the majority of their lives in freshwater taking in large quantities 
of organic matter before migrating out to sea to spawn and die, the life cycle of the 
American eel results in an overall loss of nutrients from freshwater systems (Facey and 
Van Den Avyle 1987). The loss of nutrients resulting from American eel outmigration 
is not expected to be significant by itself, but it may add to a larger efflux of nutrients 
when combined with similar nutrient removal by other species. American eel are 
known to bioaccumulate contaminants (ASMFC 2000), so it is likely that American eel 
outmigration would also result in a loss of contaminants from a river system. 

7.2 SPECIES SIZE CLASS  
American eel vary greatly in size throughout their developmental stages. Early-life 
stage eel in freshwater (i.e., glass eel) are generally 4.5 to 6.5 cm long, and elver 
(i.e., immature eel, the life stage following glass eel) typically reach 13 cm in length 
after one year in freshwater (Facey and Van Den Avyle 1987). Yellow eel (i.e., the 
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juvenile life stage) can weigh as much as 6,800 g (Facey and Van Den Avyle 
1987).Female American eel are generally larger than males when mature (Morrison 
2001), and mature females can reach lengths of more than 100 cm (Werner 2004). 
However, the size of American eels, male or female, varies widely and is potentially 
influenced by various environmental factors (e.g., population density, habitat 
resources,. 

The discrepancy in size between males and females during spawning migrations has 
been well studied. The increased size of females at the onset of spawning migration is 
thought to facilitate the production of eggs, although at the cost of a high energy 
expenditure (Morrison 2001). Female size at sexual maturation is more variable than 
for males, which appear to have a more specific size range at which they will initiate 
spawning migration (Oliveira 1999). A study conducted in Virginia found sexually 
mature individuals ranging from 35 to 98 cm in length, while a study conducted in 
Rhode Island found sexually mature females ranging from 40 to 87 cm in length 
(Strickland 2002). In a study conducted in the Hudson River, male American eel were 
found to average 33 cm in length, and all males measured were less than 37 cm long 
(Morrison and Secor 2003). In the Hudson and Delaware River estuaries, including 
study sites in New Jersey, American eel averaged 51 cm and were relatively uniform 
in length (Ashley et al. 2003). Average weight ranged from 130 g (± 60 g) near 
Kingston, New York, to 560 g (± 400 g) in the Shark River in New Jersey.  

Facey and Van Den Avyle (1987) provided information on the size ranges of American 
eel in different age classes, as observed in studies from various locations in the eastern 
United States and Canada:  

 1 to 5 years of age – 12 to 62 cm in length 

 6 to 10 years of age – 22 to 86 cm in length 

 11 to 15 years of age – 43 to 104 cm in length 

 16 to 20 years of age – 49 to 100 cm in length 

 21 to 23 years of age – 52 and 85 cm in length 

In 1999 and 2000, American eel captured in the lower estuarine portion of the LPRSA 
(between the mouth of the LPRSA at Newark Bay and approximately RM 7) ranged 
from 23 to 63 cm in length (an average of 37 cm) and from 20 to 500 g in weight (an 
average of 120 g) (Tierra Solutions 2002c). According to Morrison and Secor (2003), an 
eel 50 cm long could be anywhere from 5 to 29 years old. The lengths of American eel 
captured as part of the 2004 monitoring program for chemical contaminants in New 
Jersey fish (ANSP 2006) ranged from approximately 45 to 82 cm. 

The American eel collected from the 17.4 miles of the LPRSA (from the mouth of the 
LPR at Newark Bay to Dundee Dam) in the 2009 and 2010 seasonal fish community 
surveys ranged from 4.3 to 75 cm in length (an average of 23.8 cm) and from 0.5 to 850 
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g in weight (an average of 108 g) (Windward 2010, 2011c). American eel caught in the 
upper freshwater portion of the LPRSA (above RM 10) were much smaller than those 
caught in the lower 10 miles of the LPRSA; nearly all eel caught between RM 10 and 
RM 17.4 were less than 35 cm in length. In contrast, the majority of eel caught below 
RM 10 were longer than 30 cm. 

7.3 HABITAT AND DISTRIBUTION 
The American eel inhabits freshwater, coastal areas, estuaries, and open ocean from 
the southern portion of Greenland, south along the east coast of North America, and 
into the northern portion of the South American east coast (Facey and Van Den Avyle 
1987). Different life cycle phases occur in different habitats. Spawning is believed to 
occur in the Atlantic Ocean, specifically in the Sargasso Sea, within the top 122 m of 
the water column (Brust 2006; NJDEP 2001a). Leptocephali, or larval eel, are carried by 
ocean currents from the spawning grounds to coastal estuaries and rivers, where they 
metamorphose into un-pigmented glass eel (Facey and Van Den Avyle 1987; 
Dintaman 1975). The larval stage typically lasts for one year (Mowrer 1978). As glass 
eel migrate from saltwater into brackish and freshwater, they begin to develop 
pigment, at which point they become elver. 

Glass eel and elver reside in estuaries, where they adapt to freshwater conditions 
before migrating upstream in winter and spring (Gray 1992). Elver are primarily 
benthic, burying themselves in the substrate. After elver, American eel enter the last 
juvenile life stage, yellow eel. Yellow eel are non-migratory and nocturnal; they 
burrow in substrate during the day and are active in the water column at night (Facey 
and Van Den Avyle 1987; NJDEP 2001a; Gray 1992; Mowrer 1978). Male yellow eel 
tend to remain in brackish water or near the mouths of rivers, while females migrate 
further upriver until they reach a migratory barrier or the source of the water body 
(ASMFC 2000). American eel are thought to migrate within freshwater from shallower, 
upstream habitats to deeper waters in lower reaches during winter months (Mowrer 
1978). Yellow eel migrations from freshwaters to brackish waters were not observed 
(by otolith isotope analyses) in the Hudson River (Morrison and Secor 2003), but such 
behavior has been observed in the St. Jean River watershed of Quebec, Canada 
(Thibault et al. 2007). 

The immature life cycle phases (i.e., glass eel, elver, and yellow eel) of the American 
eel are spent primarily in coastal rivers and freshwater (Facey and Van Den Avyle 
1987). In New Jersey, eel in these stages inhabit small to large river systems and open 
water bodies (e.g., ponds, lakes, and reservoirs) (NJDEP 2001a). Preferred habitat 
features include pools, sheltered areas near banks, burrows, woody debris, and plant 
masses such as leaf packs (Strickland 2002; Facey and Van Den Avyle 1987). American 
eel have been described as generally preferring silty, muddy substrates; however, 
Strickland (2002) reported that American eel in the James River in Virginia preferred 
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cobble substrates, and were more common in areas with flowing water, particularly 
deeper pools, rather than in off-channel backwater areas. Habitat selection also 
appears to be related to size: larger eel inhabit deeper waters (Gray 1992) and wider 
marsh creeks (Ford and Mercer 1986), while smaller eel are more abundant in 
narrower creeks. 

At sexual maturation, yellow eel metamorphose morphologically and physiologically 
in preparation for migration to the ocean (see Section 6). Coloration changes occur, the 
dorsal area becoming darker and the ventral area becoming silver. These eel are called 
silver eel, and they migrate downstream toward the ocean spawning grounds 
beginning in late summer or fall (Facey and Van Den Avyle 1987; Gray 1992; NJDEP 
2001a).  

During the spawning migration, American eel can cover long distances relatively 
quickly. In New Brunswick, Canada, individual eel were observed to have traveled 
approximately 1 km/hr over a period of 40 hrs (Stasko and Rommel 1977), and to have 
made numerous vertical movements within the water column. Similar behavior was 
observed in migrating eel in the Hudson River, where they were reported to have 
traveled at a rate of approximately 3.5 km/day (Morrison and Secor 2003).  

American eel are generally most active in the spring and summer (Strickland 2002), 
burying themselves in substrate and banks in the fall and winter months. Elver and 
yellow eel are nocturnal (Facey and Van Den Avyle 1987; Helfman 1986), burrowing in 
sediment, hiding under plant masses or other habitat structures, or staying in deeper 
water during the day. At dusk, eel swim from deeper to shallower water, where food 
is more abundant (Helfman 1986). Movements have also been shown to be tidally 
influenced, with greater activity during periods of high tide (Facey and Van Den 
Avyle 1987).  

The American eel home range size depends on the size of the available habitat. Eel 
living in small streams have more limited ranges than those living in larger systems 
(Morrison 2001). Home ranges for American eel have been reported in the literature on 
both linear and areal bases. On an areal basis, mean home ranges have been reported 
as follows: 0.05 ha in a Louisiana stream (Gunning and Shoop 1962; as cited in 
Morrison and Secor 2003), 0.11 ha in a Rhode Island tidal river (Bianchini et al. 1982; as 
cited in Bozeman et al. 1985), 1 ha in a Georgia tidal creek (Bozeman et al. 1985), and 
28 ha in a Vermont lake (LaBar and Facey 1983). On a linear basis, mean home ranges 
have been reported as < 100 m along a tidal creek in a Massachusetts salt marsh (Ford 
and Mercer 1986), and between 243 and 750 m in the tidal portion of the Hudson River 
(Morrison and Secor 2003). In general, the home range of a yellow eel is thought to be 
less than 1,610 m in linear length (Parker 1995; Dave Secor personal communication as 
cited in Ashley et al. 2003). 
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Seasonal fish community surveys were conducted in 2009 and 2010 along the 17.4-mile 
stretch of the LPRSA (Windward 2010, 2011c). During the late summer/early fall 2009 
and late spring/early summer 2010 field efforts, when water temperatures were 
warmer, American eel were present throughout the LPRSA (from near the mouth of 
the LPR to Dundee Dam at RM 17.4). American eel dominated the fish catch in the 
upper freshwater portions of the river (from RM 10 to RM 17.4) (Windward 2010, 
2011c). During the fish surveys, American eel were found most frequently in areas 
adjacent to mudflats, or in areas of aquatic vegetation along shorelines with bulkhead 
structures, rocks, riprap, debris, or overhanging vegetation. In the lower estuarine 
portion of the LPRSA, American eel were observed most frequently in deeper water 
with structures (e.g., bulkheads, pilings, and barges), whereas in the freshwater 
portion of the LPRSA, American eel (primarily small, juvenile eel) were observed in 
shallow waters with coarse substrate (Windward 2010, 2011c).  

Throughout the LPRSA, American eel were collected in the greatest abundance in the 
late summer/early fall, during which time this was one of the most abundant species 
within the fish community. During this period, American eel represented 27% 
(n = 646) of the overall catch and 43%, by count, of all finfish caught during that event. 
During the late spring/early summer 2010 survey, American eel represented 4.7% 
(n = 32) of the total finfish catch and 3.8% of the overall catch. Fewer American eel 
were found during the winter, possibly because of a wintertime preference for 
burrowing in the substrate at the bottom of the river and along the riverbanks. 
Overall, American eel were found in greater abundance in the upper portion (above 
RM 10) of the LPRSA than in the lower portion (below RM 6) (Windward 2010, 2011c). 
For example, 88% of the American eel caught during late summer/early fall 2009 were 
above RM 10, and 86% of the American eel caught during the same period were above 
RM 14. 

7.4 SPAWNING AND REPRODUCTION 
Sexual differentiation in American eel is thought to be determined by certain 
environmental conditions, as well as eel population density, in particular. It has been 
observed that in areas with high densities, sexual differentiation is disproportionately 
male, whereas in less crowded waters, American eel populations are predominately 
female (Krueger and Oliveira 1999).  

After sexual maturation and metamorphosis into the silver eel phase, American eel 
migrate out of freshwater habitat toward marine spawning grounds in the fall. It takes 
between 3 and 30 years for American eel to reach sexual maturity (Facey and Van Den 
Avyle 1987; Morrison 2001; Strickland 2002). However, silver eel in excess of 40 years 
have been observed in the freshwaters of Nova Scotia (Jessop 1987), so the time to 
spawn may be even greater. Morrison (2001) indicates that male spawning migrations 
begin when eel reach lengths of 25 to 40 cm, while female spawning migrations begin 
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when eel reach lengths of 40 to more than 100 cm. The dimorphic size of spawning 
American eel is thought to be due to the greater energetic input required of females for 
the production of viable eggs (Morrison 2001), of which they produce as many as 15 to 
20 million (Dintaman 1975). Additionally, Wenner and Musick (1975) observed that 
the number of mature eggs that female silver eel in Chesapeake Bay produce is 
dependent on body weight. 

American eel spawning grounds and habitats have not been documented definitively, 
but they are thought to spawn in the Sargasso Sea of the Atlantic Ocean (Facey and 
Van Den Avyle 1987; Gray 1992; NJDEP 2001a; Dintaman 1975). Spawning likely 
occurs from early February through April or later (Facey and Van Den Avyle 1987) at 
water depths of up to 122 m (Brust 2006). Eggs hatch within one to two days of 
fertilization (NJDEP 2001a). In the wild, American eel spawn once and then die; 
however, in captivity, life spans of up to 85 years have been documented (NJDEP 
2001a), possibly due to a lack of spawning behavior. 

7.5 DIET 
American eel are opportunistic carnivores and have a diverse diet that includes 
annelids, polychaetes, insect larvae and nymphs, crustaceans, bivalves, gastropods, 
fish, frogs, and small mammal remains (Facey and Van Den Avyle 1987; Morrison 
2001; Gray 1992; ASMFC 2000; Denoncourt and Stauffer 1993). American eel tend to 
feed near the water’s bottom and will scavenge dead organisms (Facey and Van Den 
Avyle 1987), although not as a substantial portion of their diet (Denoncourt and 
Stauffer 1993). Eel larvae likely feed on plankton when living in a marine environment 
(Gray 1992). Juvenile life stage American eel (i.e., glass eel, elver, and yellow eel) 
consume fish and invertebrates (NJDEP 2001a). Prey size tends to increase as eel size 
increases (Ogden 1970). 

Foraging behavior in fish is often gape limited, in that the diet of an individual is 
based primarily on what the fish can fit in its mouth. The American eel, however, has 
adapted to overcome this limitation through rotational feeding (Helfman and Clark 
1986). This feeding behavior is characterized by an initial grasp with the eel’s jaws, a 
twist in one direction, many rotations in the opposite direction, and ultimately a recoil. 
The process allows small fragments of tissue to be ripped away from the prey to 
facilitate consumption. This process is observed primarily with prey with firmer 
tissues, whereas American eel can excise softer tissues by grasping the tissue and 
shaking it loose, or simply feeding by suction. The latter two modes of feeding are 
more favorable from an energy-consumption perspective (Helfman and Winkelman 
1991).  

American eel have been found to stop feeding at temperatures below 5°C (Walsh et al. 
1983). At these cold temperatures, the eel reduce their metabolic rates and burrow in 
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the substrate. In the summer and fall months, most feeding occurs at night, when 
American eel are most active (Sorensen et al. 1986). 

A study of the American eel diet conducted in freshwater streams of New Jersey in the 
early 1960s found that eel living in freshwater are bottom feeders and scavengers. As 
eel increase in size, a clear shift occurs in the percent composition of prey in their diet 
(Ogden 1970). Eel less than 40 cm long consume primarily bottom-dwelling insect 
larvae of the orders Megaloptera, Trichoptera, and Ephemeroptera, while eel more 
than 64.5 cm in length have a diet comprised entirely of crayfish and various fish 
species (Table 7-1). 
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Table 7-1. Percentages of gut contents found in eel of various size classes in New Jersey streams 

Prey Item 

Eel Size (cm) 
14.5 – 24.4 

(n = 11) 
24.5 – 29.4 

(n = 14) 
29.5 – 34.4 

(n = 22) 
34.5 – 39.4 

(n = 22) 
39.5 – 44.4 

(n = 14) 
44.5 – 49.4 

(n = 19) 
49.5 – 54.4 

(n = 8) 
54.5 – 59.4 

(n = 6) 
59.5 – 64.4 

(n = 9) 
≥ 64.5 
(n = 4) 

Insectsa 100% 95% 94% 70% 62% 72% 35% 40% 9% nr 

Crustaceans nr 5% 6% 10% 19% 3% 29% 20% 25% 40% 

Gastropods nr nr nr 8% 5% nr nr nr nr nr 

Fish speciesb nr nr nr 7% 9% 22% 29% 20% 58% 60% 

Refusec nr nr nr 5% 5% 3% 7% 20% 8% nr 

Note: Table modified from Ogden (1970). 
a Insects identified in the gut contents of sampled eel were larvae of the orders Plecoptera, Ephemeroptera, Odonata, Megaloptera, Trichoptera, 

Coleoptera, Hemitera, and Diptera. Ephemeroptera were especially prevalent prey items in the diets of eel less than 40 cm in length. 
b The fish species most commonly identified in the gut contents of larger eel was the bottom-dwelling Etheostoma nigrum (Johnny darter); other bottom-

dwelling fish species, including Catostomus commersoni (white sucker), were identified less frequently. 
c Gut contents identified as “refuse” included small mammal remains (identified in only one eel and thought to have been picked up as carrion from the 

stream), salmon eggs attributed to fishing bait, and fish entrails thought to have been discarded by fishermen. 
nr – not reported; prey item was not identified in the gut contents.  
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The most common fish species consumed by American eel are American eel elver and 
slow-moving, bottom-dwelling fish, such as Johnny darter and white sucker (Gray 
1992). Gray (1992) reported that where there is a dense eel population, eel tend to be 
cannibalistic. Although salmonids were once thought to be a common prey item, an 
American eel gut content analysis in New Brunswick found salmonids in only a small 
percentage of eel sampled (Godfrey 1955). Lookabaugh and Angermeier (1992) 
identified similar diet patterns in American eel from the Lower Piedmont and Coastal 
Plain physiographic regions of the James River in Virginia. Diet prey portions 
expressed as proportions by weight were reported for small (10.0 to 24.9 cm in total 
length), medium (25.0 to 37.4 cm in total length), and large (more than 37.4 cm in total 
length) eel. Aquatic insects made up the largest portion of the diet of small eel and a 
significant portion of the diet of medium-sized eel, while fish and crayfish made up 
the largest portion of the diet of large eel and medium-sized eel in the coastal plain 
(Table 7-2). Denoncourt and Stauffer (1993) observed similar diets in the Upper 
Delaware River; the majority of American eel had consumed insects (99% of feeding 
eel; n = 171), but only 7% had consumed fish. It should be noted that 154 American eel, 
47% of all eel caught in the study, had entirely empty stomachs. 

Table 7-2. Approximate proportion by weight of various prey items in the diet of 
American eel from the James River, Virginia 

Prey Item 

American Eel from the Lower Piedmont 
Region 

American Eel from the Coastal Plain 
Region 

Small 
10 – 24.9 cm 

Medium 
25 – 37.4 cm 

Large 
> 37.4 cm 

Small 
10 – 24.9 cm 

Medium 
25 – 37.4 cm 

Large 
> 37.4 cm 

Aquatic 
invertebratesa 85% 50% < 5% 95% 30% 0% 

Terrestrial 
invertebratesb 10% < 5% 0% 0% 10% 0% 

Crayfish 5% 5% 60% 5% 60% 100% 

Aquatic 
vertebratesc 0% 43% 37% 0% 0% 0% 

Note: Table modified from Lookabaugh and Angermeier (1992); percentages estimated from bar charts presented 
in the article.  

a Aquatic invertebrates included larvae of the Ephemeroptera, Odonata, Plecoptera, Coleoptera, Trichoptera, 
and Lepidoptera orders, as well as mysids, isopods, gastropods, amphipods, and oligochaetes. 

b Terrestrial invertebrates included arachnids and adults of the Odonata, Hymenoptera, and Orthoptera orders.  
c Aquatic vertebrates included fish of the Percidae, Cyprinidae, Ictaluridae, Catostomidae and Anguillidae orders, 

as well as frogs. 

A study of the American eel diet conducted in the brackish regions of the James, York, 
and Rappahannock Rivers (tributaries to Chesapeake Bay) provides information on 
the species’ feeding habits in estuarine environments (Wenner and Musick 
1975).Common prey items identified in this study included crustaceans, bivalves, and 
polychaetes (Wenner and Musick 1975). The percentage of American eel diet made up 
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of different prey species by percent volume of the total diet was presented for each of 
the three rivers. The percentages for the James River were approximately 55 to 75% 
crustaceans, 15% bivalves, 5% polychaetes, 10% fish species, and less than 5% each of 
insects and unidentified material/sediment. For the York River, diet percentages were 
approximately 75% crustaceans, 10% bivalves, and less than 5% each of polychaetes, 
fish species, insects, and unidentified material/sediment. For the Rappahannock 
River, diet percentages were approximately 15% crustaceans, 60% bivalves, 12% 
polychaetes, less than 5% fish species and insects, and 10% unidentified 
material/sediment. Table 7-3 provides an indication of the percentages of the diet 
made up of various prey species, comparing the number of stomachs containing 
certain prey species to the total number of stomachs analyzed.  
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Table 7-3. Eel with gut contents containing different prey items out of total eel analyzed in Chesapeake Bay 
tributary rivers 

Prey Item 
Eel Size (cm) 

25.1 – 30.0 30.1 – 35.0 35.1 – 40.0 40.1 – 45.0 45.1 – 50.0 50.1 – 55.0 55.1 – 60.0 60.1 – 65.0 65.1 – 70.0 70.1 – 75.0 
Atlantic blue craba nr 4/45 8/35 7/40 8/41 9/33 7/19 4/8 1/3 1/1 

Amphipods and 
isopods 1/5 20/45 9/35 7/40 6/41 3/33 1/19 nr 1/3 nr 

Other crustaceans 2/5 9/45 6/35 7/40 10/41 nr 3/19 nr 1/3 nr 

Bivalvesb 2/5 24/45 21/35 23/40 27/41 20/33 9/19 3/8 2/3 1/1 

Polychaetes nr 8/45 12/35 8/40 8/41 6/33 2/19 nr 1/3 nr 

Fishc nr nr 1/35 2/40 1/41 2/33 nr 1/8 0/3 nr 

Note: Table modified from Wenner and Musick (1975) 
a Smaller eel tended to eat only crab appendages, while larger eel ingested whole crabs. 
b Smaller eel tended to eat only mollusk siphons, while larger eel ingested whole bivalves. 
c Fish species were generally a small portion of the diet; however, one eel from the James River, approximately 51 cm in length, had ingested several 

juvenile alewives. 
nr – not reported; prey item was not identified in the gut contents.  
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In general, insects, oligochaetes, bivalves, and crustaceans are important food items 
for American eel living in freshwater systems(Wenner and Musick 1975). In estuarine 
systems, crustaceans replace insects as a primary diet component, polychaetes replace 
oligochaetes, and bivalves remain important, although the taxa change (Wenner and 
Musick 1975).  

Wenner and Musick (1975) also documented the amount of sediment ingested by 
American eel in a study in three Virginia rivers by providing the volume of 
unidentified material and sediment (reported together) found in eel stomachs. The 
average volume was 1.6 mL, and the range was 0.2 to 4.5 mL. The percent volume 
displacement of the total diet by sediment and unidentified material was 
approximately 5% each for the James and York Rivers, and approximately 10% for the 
Rappahannock River. 

Empirical data on food ingestion rates were not identified from the literature; 
however, a general equation presented in Arnot and Gobas (2004) that is dependent on 
body weight and water temperature can be used to estimate the food ingestion rate of 
American eel:  

 
)T*06.0(85.0 exp)bw022.0(FIR ××=  Equation 7-1 

Where: 

FIR = food ingestion rate (kg ww/day) 
bw = body weight (kg) 
exp = 2.71828 
T = temperature (degrees Celsius) 

7.6 ENVIRONMENTAL CONDITIONS  
The American eel inhabits freshwater, brackish, and saltwater environments during 
different phases of its life cycle, and is tolerant of a wide range of environmental 
conditions. Elver and yellow eel prefer freshwater and brackish water, while silver eel 
prefer saltwater (Gray 1992). American eel are also found over a broad geographic 
range, in water temperatures generally ranging from 5 to 20°C (Gray 1992). Jeffries 
(1960) found elver living in freshwater as cold as -1°C, and in laboratory studies, 
acclimatized yellow eel were able to survive temperatures of up to 30°C (Facey and 
Van Den Avyle 1987; Hill 1969; Barila and Stauffer 1980). Yellow and freshwater silver 
eel prefer temperatures in the range of 5 to 20°C (Gray 1992). The DO requirements of 
American eel are not well understood, but the species is generally found in water with 
high DO concentrations; elver are known to be sensitive to low-oxygen conditions 
(Facey and Van Den Avyle 1987). American eel can tolerate some turbidity but 
generally prefer clear water (NJDEP 2001a). 
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7.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 7-4 summarizes American eel life history information for parameters that will be 
used in the BERA, or in the site-specific bioaccumulation model. Life history 
parameter values will be selected from information presented in Table 7-4, along with 
site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 

Table 7-4. Life history parameters of American eel 

Parameter Unit Valuea Source 

Body weight  g 

≤ 6,800 Facey and Van Den Avyle (1987) 

130 – 560 Ashley et al. (2003) 

20 – 500 
(average = 120) Tierra Solutions Inc. (2002c) 

0.5 – 850 
(average = 108) Windward (2010, 2011c) 

Length cm 

4.5 – 104 
Facey and Van Den Avyle (1987); Strickland 
(2002); Morrison and Secor (2003); Ashley et 
al. (2003); ANSP (2006); Werner (2004) 

23 – 63 
(average = 37) Tierra Solutions Inc. (2002c) 

4.3 – 75 
(average = 24) Windward (2010, 2011c) 

Food ingestion rate  kg/day 0.002 ×  bw (kg)0.85 
×  exp(0.06*T) Arnot and Gobas (2004) 

Incidental sediment 
ingestion  mL 0.2 – 4.5 Wenner and Musick (1975) 

Invertebrate diet proportion 
(infaunal, crustacean, and 
insects) 

% 

75 – 95  Wenner and Musick (1975) 

34 – 100 Ogden (1970) 

65 – 100 Lookabaugh and Angermeier (1992) 

Fish diet proportion % 

< 5 – 15 Wenner and Musick (1975) 

7 – 60 Ogden (1970) 

0 – 43b Lookabaugh and Angermeier (1992) 

Other diet proportion 
(unidentified material, 
refuse, fish eggs, fish 
entrails, etc.)  

% 
< 5 – 10  Wenner and Musick (1975) 

3 – 20 Ogden (1970) 
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Table 7-4. Life history parameters of American eel 

Parameter Unit Valuea Source 

Home range 

km 0.012 – 6.7 ± 1.6 
Bozeman et al. (1985); Oliveira (1997) ; Parker 
(1995); Ford and Mercer (1986); Morrison and 
Secor (2003); Gunning and Shoop (1963)  

ha 1 – 325 ± 64 
Bozeman et al. (1985); Oliveira (1997) ; Parker 
(1995); Ford and Mercer (1986); Morrison and 
Secor (2003);  

LPRSA seasonal use season spring, summer, fall, 
winter 

Tierra Solutions Inc. (2002c), Windward (2010, 
2011c) 

a Empirical data are provided, where available, from the literature.  
b Estimate includes consumption of frogs, which was reported along with fish consumption. 
bw – body weight 
LPRSA – Lower Passaic River Study Area 
T – temperature (ºC) 
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8 Catfishes (Ictaluridae): White Catfish (Ameiurus catus), 
Channel Catfish (Ictalurus punctatus), and Brown Bullhead 
(Ameiurus nebulosus) 

This section presents life history profiles for three catfish species of the Ictaluridae 
family: white catfish (Ameiurus catus), channel catfish (Ictalurus punctatus), and brown 
bullhead (Ameiurus nebulosus). Information presented in these species-specific life 
history profiles, along with site-specific results of the LPRSA biological surveys and 
other literature, will be used to inform the selection of exposure parameters and 
exposure areas for use in the BERA. Risk assessment exposure parameters will also be 
used to parameterize the site-specific bioaccumulation model. 

8.1 SIGNIFICANCE AND USE 
The members of the Ictaluridae family are also known as the North American 
freshwater catfishes (Pennsylvania FBC 2011). White catfish, channel catfish, and 
brown bullhead are medium- to large-sized bottom feeders that are popular as sport 
fish (Pennsylvania FBC 2011). Catfish are tolerant of very warm water, high carbon 
dioxide levels, low oxygen levels, variable salinities, and pollution (Pennsylvania FBC 
2011).  

8.2 SPECIES SIZE CLASS  
Brown bullhead typically range from 23 to 31 cm in length (Pennsylvania FBC 2011; 
Woodlot 2002). The average weight of an adult brown bullhead is typically 450 g, but 
may be as much as 1.3 kg (Wisconsin DNR 2008). Two brown bullhead were caught 
during the study conducted by Tierra Solutions in 1999 and 2000 the lower estuarine 
portion of the LPRSA (i.e., between RM 1 and RM 7); these two brown bullheads were 
28 and 29 cm in length and 320 and 321 g in weight (Tierra Solutions 2002c, b). Brown 
bullhead caught during the fish community surveys conducted for the entire 17.4-mile 
stretch of the LPRSA in 2009 and 2010 were from 8.7 to 29.7 cm in length (an average 
of 26.1) and had a whole-body mass of 130 to 414 g (an average of 257 g) (Windward 
2010, 2011c).  

The channel catfish is the largest catfish species found in New Jersey (NJDEP 2001c), 
with adults typically measuring 50 to 63 cm long and weighing 1 to 2 kg; however, 
individual channel catfish weighing as much as 18 to 23 kg have been recorded 
(Holtan 1998). A single channel catfish was caught during the study conducted by 
Tierra Solutions the lower estuarine portion of the LPRSA (between RM 1 and RM 7) 
in 1999 and 2000; this catfish was 19.3 cm long and weighed 78 g (Tierra Solutions 
2002c). Channel catfish caught during the 2009 and 2010 fish community surveys of 
the entire 17.4-mile stretch of the LPRSA measured from 18.3 to 51.0 cm in length (an 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
56 

 

average of 39.8 cm) and had a whole-body mass of 42 to 1,490 g (an average of 693 g) 
(Windward 2010, 2011c). 

The white catfish is a medium-sized catfish, averaging 25 to 35 cm in length and 0.5 to 
1.0 kg in weight, and rarely exceeding 3 kg (Pennsylvania FBC 2011; Maryland DNR 
2007b). White catfish, which are smaller than channel catfish but larger than bullhead, 
are often mistaken for bullhead. Four white catfish were caught during the Tierra 
Solutions study conducted in the lower estuarine portion of LPRSA (between RM 1 to 
RM 7) in 1999 and 2000; these four white catfish were from 12.2 to 36 cm in length (an 
average of 28 cm) and from 237 to 764 g in weight (an average of 482 g) (Tierra 
Solutions 2002c). White catfish caught during the 2009 and 2010 fish community 
surveys of the entire 17.4-mile stretch of the LPRSA were from 5.0 to 54.1 cm in length 
(and was average of 36 cm) and from 1.5 to 1,695 g in weight (an average of 711 g) 
(Windward 2010, 2011c). 

8.3 HABITAT AND DISTRIBUTION 
Brown bullhead and white catfish are native to coastal Atlantic waters, inhabiting 
freshwater and brackish habitats along the Atlantic and Gulf of Mexico coasts from 
New York to Florida (Maryland DNR 2007b). Both species are widely distributed 
throughout New Jersey (Pennsylvania FBC 2011). Channel catfish have been widely 
introduced in the United States but are native to southern Canada, the central United 
States from the Great Lakes to the Gulf of Mexico, and parts of Mexico (Pennsylvania 
FBC 2011; Fewlass 1980). They are not native to areas along on the Atlantic Coast 
north of Florida. Catfish species occupy a variety of freshwater and estuarine habitats, 
including ponds, lakes, rivers, and brackish bays. All three species can be found in a 
wide range of habitats near or on the bottom of varying substrates and vegetation 
(USEPA 2008).  

Brown bullhead live in a variety of habitat types, but they are found mostly in ponds 
and the bays of larger lakes, and in slow-moving sections of warm water streams and 
rivers (Pennsylvania FBC 2011; Woodlot 2002). They are bottom dwellers that prefer 
soft, vegetated mud and silty substrate, and can sometimes be found as deep as 12 m 
(Pennsylvania FBC 2011). In the northern portions of their range, they likely move to 
slightly deeper waters in the winter, when water temperatures are between 0 and 
18ºC, and bury themselves in the soft mud bottoms of lakes, ponds, and streams, 
where they remain inactive until spring (Wisconsin DNR 2008; Woodlot 2002). A 
study in the Anacosta River, Maryland, determined that the home range for brown 
bullhead varied by season (Sakaris et al. 2005). Summer home ranges were 500 m long 
or less, but increased to 2 km in length as water temperatures rose and spawning 
began; in the fall and winter, ranges were as long as 4 km Brown bullhead are 
territorial only for a few days during the breeding season, when a male defends its 
nest and mate (Woodlot 2002). 
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Channel catfish are adaptable to wide-ranging conditions but are typically found in 
clear, warm lakes or moderately large to large rivers with clean sand, gravel, or 
rock-rubble bottoms (Holtan 1998; Fewlass 1980; Wellborn 1988; Pennsylvania FBC 
2011). They are generally not found in the muddy and highly vegetated systems that 
other catfish species prefer (Pennsylvania FBC 2011), but they do tolerate turbidity 
(Holtan 1998). Channel catfish, especially young ones, may be found in fast-flowing 
water (Pennsylvania FBC 2011). Usually, channel catfish prefer deep pools and runs in 
rivers that have alternating pool and riffle habitats (Pennsylvania FBC 2011). During 
the day, channel catfish seek deep pools, preferring those with submerged logs, rocks, 
or other debris, which create eddies, and backwater areas (Holtan 1998). When not in 
deeper water for the winter or spawning, channel catfish have relatively small home 
ranges approximately 4 km long, as determined in the Anacosta River, Maryland 
(Ashley et al. 2004). 

White catfish live in channels, pools, and backwaters in rivers or streams, mostly in 
areas of sluggish current and muddy bottoms. They do go into swift water, but not as 
much as channel catfish (Pennsylvania FBC 2011). Of all the catfish species, white 
catfish are the most tolerant of salt water (Pennsylvania FBC 2011). They can live in 
lakes and reservoirs as well as brackish bays and estuaries. The habitat preference of 
white catfish is midway between those of the channel catfish, which uses firmer 
bottoms and swift currents, and the bullhead, which live in slow-moving water over 
soft, silty bottoms (Pennsylvania FBC 2011). White catfish are found throughout New 
Jersey, most often in large tidal rivers and larger lakes (NJDEP 2004). 

During field collection efforts in late summer/early fall 2009, white catfish were 
collected from both the estuarine and freshwater portions of the LPRSA, from RM 2 to 
RM 17.4. During late spring/early summer 2010 field efforts, white catfish were 
primarily collected from between RM 6 and RM 12. Channel catfish were caught only 
in the upper portion of the LPRSA (i.e., from RM 8 to RM 17.4), possibly suggesting a 
lower salinity tolerance or a preference for freshwater. Few brown bullhead were 
caught during the seasonal surveys; those that were caught, however, were caught 
over a large area of the LPRSA (from RM 5 to Dundee Dam at RM 17.4), mostly 
between RM 4 and RM 8.  

Few white catfish or channel catfish were caught during the winter 2010 fish 
community survey, and brown bullhead were not present in the winter. White catfish 
were the most abundant catfish collected in the LPRSA during the 2009 late 
summer/early fall field surveys; brown bullhead and white catfish were more 
abundant than channel catfish during the 2010 late spring/early summer fish 
community surveys.  

During the fish community surveys conducted in 2009 and 2010, catfish species were 
observed most frequently in areas of mudflats, shallow areas with varied substrate, 
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areas with riprap and/or bulkhead structures, and areas in deeper water with riprap 
or rocky substrate and overhanging or shoreline vegetation.  

8.4 SPAWNING AND REPRODUCTION 
In the LPR region, catfish species spawn from spring to early summer (i.e., May to 
June), when water temperatures reach 21ºC (Pennsylvania FBC 2011; NJDEP 2001c). 
During spawning, catfish build nests in a variety of habitats, including in the mud or 
sand of an undercut bank, or under large woody debris (e.g., stumps, downed trees, 
and lumber); among rocks or in the roots of aquatic plants; or in abandoned muskrat 
holes (Pennsylvania FBC 2011). The nests are shallow, in less than 0.6 m of water, and 
usually close to the shoreline, in coves, or in the mouth of a creek (Pennsylvania FBC 
2011). 

Brown bullhead usually spawn in the daytime (Pennsylvania FBC 2011). Eggs usually 
hatch within five days and are protected by their parents for several weeks, until the 
young are 2.5 to 5 cm long (Pennsylvania FBC 2011; Wisconsin DNR 2008). Channel 
catfish tend to make extensive upstream migrations in the spring to shallower and 
warmer water to spawn, and then tend to move downstream throughout the 
remainder of the year (Holtan 1998; Fewlass 1980). Spawning migrations of channel 
catfish are typically less than 161 km, but distances as great as 469 km have been 
reported (Williams and Bonner 2007). Yearling and subadult channel catfish are more 
tolerant of fast-moving water than larger adults, and either move out of slow water 
into quicker currents or swim into tributary streams to feed (Pennsylvania FBC 2011). 
White catfish spawning habits are similar to those of brown bullhead (Pennsylvania 
FBC 2011; Maryland DNR 2007b).  

The lifespan of the brown bullhead is 6 to 8 years (Werner 2004; Woodlot 2002). The 
lifespan of the channel catfish is typically 6 to 10 years (Williams and Bonner 2007). 
White catfish have been reported to live 10 to 14 years, but may be older (Maryland 
DNR 2007b; Werner 2004).  

8.5 DIET 
Catfish are opportunistic, omnivorous bottom feeders, consuming a variety of plant, 
animal, and detritus material. White catfish, brown bullhead, and channel catfish are 
most active at night and use their barbels to find food (Fewlass 1980; Holtan 1998). The 
three species may also forage during the day: white catfish and brown bullhead under 
turbid water conditions and channel catfish along the bottom of the water body, where 
it is darker (Pennsylvania FBC 2011).  

Catfish do not feed in the winter, going into semi-hibernation and moving into deep 
pools or settling into soft bottom substrate (Holtan 1998). The diets of brown bullhead 
and channel catfish have been evaluated in several studies, as discussed below. The 
diet of juvenile white catfish consists primarily of insect species, and the adult white 
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catfish diet consists of larger species of invertebrates, aquatic plants, seeds, piscivorous 
fish, and detritus or carrion (Wellborn 1988). 

Brown bullhead eat a wide variety of plant and animal material, including aquatic 
insects and larvae, worms, minnows and other small fish, crayfish, snails, mollusks, 
fish eggs, frogs, and algae (Wisconsin DNR 2008). Invertebrates commonly consumed 
include worms, copepods, amphipods, insects and larvae (e.g., midges, caddis flies, 
and beetles), and crayfish. Studies have shown the brown bullhead’s preference for 
midge larvae (Chironomid), amphipods (Hyalella sp.), and oligachaetes (TAMS and 
Menzie-Cura 2000; Woodlot 2002). Gut content data for brown bullhead from the 
Hudson River revealed that 71 to 83% of their diet was benthic invertebrates, and 17 to 
29% was planktonic invertebrates (TAMS and Menzie-Cura 2000). A study conducted 
in the Tygart and Monongahela Rivers in West Virginia determined that brown 
bullhead collected from areas near sewage outfalls consumed large amounts of sewage 
and invertebrates associated with sewage (Klarberg and Benson 1975). This study 
determined that the brown bullhead diet typically consisted of plant material (54.2%), 
invertebrates (22.7%), detritus (21.9%), and fish (1.1%), except near sewage outfalls, 
where the diet was comprised of “sewage-related material” (36.1%),6 detritus (33.4%), 
invertebrates (18.8%), plants (6.1%), and fish (5.6%) (Klarberg and Benson 1975). 
Brown bullhead can also consume filamentous algae, which can make up as much as 
60% of their diet (Gunn et al. 1977; as cited in Woodlot 2002). Juveniles (those 3 to 6 cm 
long) feed mostly on cladocerans, ostracods, amphipods, insects, fish eggs, and fish 
larvae (FishBase 2007). One study reported that juveniles eat mostly cladocerans 
(25.0%), dipterans (24.3%), and ostracods (20.5%) (Raney and Webster 1940).  

Channel catfish have a variable diet that includes small forage fish, terrestrial and 
aquatic insects, detritus, plant material, crayfish, and mollusks (Fewlass 1980; Holtan 
1998; McMahon and Terrell 1982). Channel catfish feed heavily following rainfall, 
searching the turbid water for any food that was washed into the river (Holtan 1998). 
McMahon and Terrell (1982) noted that fish may form a major part of the diet of 
catfish > 50 cm in length. Adult catfish  feed predominately on fish (75% of their diet), 
whereas juvenile catfish feed primarily on insects, insect larvae, and small aquatic 
zooplankton (Wellborn 1988; Holtan 1998; McMahon and Terrell 1982). In a study of 
juvenile channel catfish not much longer than 20 cm from the Lower Susquehanna 
River, Maryland, caddisfly larvae were found to account for 40 to 60% of their diet, 
and midge larvae for 25 to 55% of their diet; both diet components were measured by 
biomass (Weisberg and Janicki 1990). In Fewlass (1980), the following gravimetric 
percentages were documented: 43% fish, 1.6% mollusks (Pelecypoda), 3.2% insects, 
2.2% crustacean (primarily Callinectes sapidus), 45% plants, and 5.1% inorganic content 

 
6 The source of this “sewage-related material” was likely from the release of untreated sewage because 

of its solid nature and the date of sample collection (1968), although details regarding the sewage 
outfall were not presented in the paper. 
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(primarily small stones that were part of Trichoptera cases). As channel catfish grow, 
they begin to feed on snails, crayfish, and small fish, but still eat aquatic insects and 
occasionally plant matter (Holtan 1998).  

8.6 ENVIRONMENTAL CONDITIONS  
Brown bullhead typically inhabit warm, brackish water and are tolerant of high 
carbon dioxide, low oxygen, and turbidity (Pennsylvania FBC 2011; Wisconsin DNR 
2008; Woodlot 2002). Brown bullhead can tolerate low-oxygen conditions (as low as 
1 part per million [ppm]) by exchanging oxygen through its skin and gulping surface 
air into its air bladder, which functions as a lung. The species can survive for weeks 
lying dormant in the mud of a dried-up pond (Woodlot 2002).  

Channel catfish are also tolerant of adverse conditions, such as low oxygen levels and 
warm water, but to a lesser degree than bullheads (McMahon and Terrell 1982; NJDEP 
2001c). Channel catfish tolerate salinity of up to 11 ppt and varying levels of turbidity; 
(McMahon and Terrell 1982). DO levels above 5 mg/L are adequate for growth and 
survival of channel catfish, but levels less than 3 mg/L inhibit growth; feeding is 
reduced at DO levels of less than 5 mg/L (McMahon and Terrell 1982). 

White catfish will tolerate greater turbidity and higher salinity (i.e., up to 14 ppt) than 
channel catfish, and prefer water temperatures of 27 to 29οC (Maryland DNR 2007b; 
UC ANR 2011; NJDEP 2004). 

Because of white catfish can survive in waters with higher salinities, the species was 
found more often and in greater abundance in the lower, more estuarine portion of the 
LPRSA than were channel catfish or brown bullhead. Water quality measurements 
recorded during the 2009 and 2010 LPRSA seasonal fish community surveys indicated 
salinities between 0.2 and 3.96 ppt between RM 6 and RM 17.4 (Windward 2010, 
2011c). 

8.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 8-1 summarizes catfish life history information for parameters that will be used 
in the BERA, or in the site-specific bioaccumulation model. Life history parameter 
values will be selected from information presented in Table 8-1, along with  
site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
61 

 

Table 8-1. Life history parameters of catfish species  
Exposure Factor Unit Valuea Source/Rationale 

All Catfish Species    

Food ingestion rate  kg/day 0.002 x bw(kg)0.85 x 
exp(0.06*T) Arnot and Gobas (2004) 

Incidental sediment 
ingestion  % nab nab 

Brown Bullhead    

Body weight  g 

450 Woodlot (2002) 

320 – 321 Tierra Solutions Inc. (2002c) 

130 – 414 (average = 257) Windward (2010, 2011c) 

Length  cm 

23 – 31 Woodlot (2002) 

28 – 29  Tierra Solutions Inc. (2002c) 

8.7 – 29.7  
(average = 26.1) Windward (2010, 2011c) 

Invertebrate diet proportion % 

17 – 83  TAMS and Menzie-Cura (2000) 

19 – 23 Klarberg and Benson (1975) as cited in 
Woodlot (2002) 

70 Raney and Webster (1940) as cited in 
Woodlot (2002) 

Fish diet proportion % 
0 – 5 TAMS and Menzie-Cura (2000) 

1 – 6 Klarberg and Benson (1975) as cited in 
Woodlot (2002) 

Other diet proportions 
(algae, detritus, sewage, 
plants) 

% 
69 – 76 Klarberg and Benson (1975) as cited in 

Woodlot (2002) 

≥ 60 Gunn et al. (1977)as cited in Woodlot (2002) 

Home range km 0.5 – 4 Sakaris (2005) 

LPRSA seasonal use  unitless all seasonsc Windward (2010, 2011c) 

Channel Catfish    

Body weight  g 

1,000 – 2,000  NJDEP (2001c) 

78  Tierra Solutions Inc. (2002c) 

42 – 1,490  
(average = 693) Windward (2010, 2011c) 

Length  cm 

50 – 63  Holtan (1998) 

19.3 Tierra Solutions Inc. (2002c) 

18.3 – 51 (average = 40) Windward (2010, 2011c) 
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Table 8-1. Life history parameters of catfish species  
Exposure Factor Unit Valuea Source/Rationale 

Invertebrate diet proportion % 
100  

(fish < 20 cm in length) Weisberg and Janicki (1990) 

7 Fewlass (1980) 

Fish diet proportion % 
75  

(fish > 50 cm in length) Wellborn (1988)  

43 Fewlass (1980) 

Other diet proportions 
(plants, inorganic material) % 50 Fewlass (1980) 

Home range km 4 Ashley et al. (2004) 

LPRSA seasonal use  unitless all seasons Windward (2010, 2011c) 

White Catfish    

Body weight  g 

500 – 3,000 Maryland DNR (2007b); Pennsylvania FBC 
(2011) 

237 – 764 (average = 482) Tierra Solutions Inc. (2002c) 

1.5 – 1,695  
(average = 711) Windward (2010, 2011c) 

Length  cm 

25 – 35 Maryland DNR (2007b); Pennsylvania FBC 
(2011) 

12 – 36 (average = 28) Tierra Solutions Inc. (2002c) 

5.0 – 54.1 (average = 36) Windward (2010, 2011c) 

Invertebrate diet proportion % nad nad 

Fish diet proportion % nad nad 

Home range km nae nae 

LPRSA seasonal use  unitless all seasons Windward (2010, 2011c) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on incidental sediment ingestion rates of catfish species were not available from the reviewed 

literature. Sediment ingestion rates for use in the BERA will be estimated using best professional judgment 
based on the benthic feeding habits of catfish. 

c Brown bullhead were collected in the LPRSA during the spring, summer, and fall surveys, but are assumed to 
be present during the winter months as well. During cold periods, brown bullhead become less active, which 
could be why they were not being caught during colder weather surveys. Brown bullhead are resident species, 
so they can be assumed to be present at all times. 

d Empirical data on the proportions of prey in channel catfish and white catfish diets were not available from the 
literature. The prey portions for use in the BERA and FWM will be based on the dietary information available for 
brown bullhead. 

e White catfish home range data was not available from the literature. The home range for use in the BERA and 
FWM will be based information available for brown bullhead and channel catfish. 

BERA – baseline ecological risk assessment 
bw – body weight 
DNR – Department of Natural Resources 
FBC – Fish & Boat Commission 

LPRSA – Lower Passaic River Study Area 
na – not applicable 
NJDEP – New Jersey Department of Environmental 

Protection 
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FWM – food web model T – temperature (º C) 
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9 Carp (Cyprinus carpio) 

This section presents a life history profile for common carp (Cyprinus carpio). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA. While carp were not chosen as a potential receptor in the BERA, a large number 
of carp were collected and analyzed for tissue chemistry; therefore, the information in 
this profile was generated to utilize for comparative purposes in the BERA. These carp 
exposure parameters will also be used to parameterize the site-specific 
bioaccumulation model. 

9.1 SIGNIFICANCE AND USE 
Common carp are large, omnivorous minnows, members of the family Cyprinidae. 
They are native to Asia and were brought to the United States in the 1800s (Edwards 
and Twomey 1982; Pennsylvania FBC 2011). In the late 1800s, they were distributed 
widely throughout the country to relieve pressure on native fish populations. Over the 
years, carp became less popular, but are currently making a comeback for sport fishing 
(Pennsylvania FBC 2011; NJDEP 2001b). In the United States and elsewhere, common 
carp are often considered a nuisance species because they destroy vegetation and 
increase turbidity during feeding and spawning activities, damaging the habitat of 
native species(USGS 2010; NJDEP 2001b). Common carp are frequent throughout New 
Jersey and are year-round residents of the LPR (Windward 2011c; NJDEP 2001b). 

Common carp are an extremely tolerant species and can survive at very low DO levels 
and varying temperatures, as well as in highly polluted or turbid environments 
(Pennsylvania FBC 2011). Predators of common carp include piscivorous birds and 
fish, such as herons, osprey, bass, and northern pike, and mammals, such as otter 
(FishBase 2007; USEPA 1993). 

9.2 SPECIES SIZE CLASS  
Common carp collected from the lower portion of the LPRSA between RM 1 and RM 7 
in 1999 and 2000 were from 46 to 73 cm in length (an average of 56 cm) and from 1.4 to 
3.5 kg in weight (an average of 2.6 kg) (Tierra Solutions 2002c). The common carp 
collected from between the mouth of the LPR at Newark Bay and Dundee Dam in 2009 
were from 6.5 to 78 cm in total length (an average of 55 cm) and from 1.2 to 7.1 kg in 
weight (an average of 2.6 kg) (Windward 2010, 2011c).  

9.3 HABITAT AND DISTRIBUTION 
Carp are hardy and tolerant of a wide variety of conditions and generally favor large 
bodies of slow-flowing or standing water and soft bottom sediments (Maryland DNR 
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2007a). Common carp generally inhabit lakes, ponds, and the lower sections of rivers, 
but are also found in brackish-water estuaries, backwaters, bays, and the saline coastal 
waters of several states bordering the Atlantic and Pacific Oceans and the Gulf of 
Mexico (USGS 2010). Common carp are active swimmers that traverse high stream 
flows and are known to leap obstacles up to 1 m high (FishBase 2007). 

Carp are common in shallow backwaters and shoreline habitats (Maryland DNR 
2007a), but larger fish will frequent deeper waters (FishBase 2007). Carp prefer weedy 
bays (Maryland DNR 2007a) and warm, shallow, slow-moving, enriched waters with 
vegetation or woody debris and a mud or silt substrate (Edwards and Twomey 1982). 
However, carp can be found over any type of bottom, including mud, sand, or gravel 
(Pennsylvania FBC 2011). During the winter, adult common carp move to deeper 
water, since such water is typically warmer than shallow water (FishBase 2007).  

Common carp exhibit strong site fidelity and occupy small home ranges (Crook 2004; 
Jones and Stuart 2007). Carp home ranges are typically less than 10 km long, although 
up to 25 km is not uncommon and movements have been tracked as far as 237 km 
(Bonneau and Scarnecchia 2002; Stuart and Jones 2002). A carp movement study in 
Australia determined that adult carp home ranges averaged 23.36 km and juvenile 
home ranges averaged 1.72 km (Stuart and Jones 2002). Spawning contributes to 
increased movements of common carp (Bonneau and Scarnecchia 2002). 

Seasonal fish community surveys were conducted in 2009 and 2010 along the 17.4-mile 
stretch of the LPR (Windward 2010, 2011c). During these surveys, carp were found 
throughout areas above RM 5 to Dundee Dam. Common carp dominated the fish 
catch in the upper portions of the LPRSA (from RM 10 to RM 17.4) during the 2009 
and 2010 seasonal sampling efforts. During late summer/early fall 2009 and late 
spring/early summer 2010, common carp were most frequently observed in areas of 
deeper water with riprap or rocky substrate and overhanging or shoreline vegetation. 
During winter surveying in 2010, carp were found in deepwater areas again, including 
those areas with riprap, bulkhead structures, or woody debris, and areas between 
structures (e.g., barges and pilings). 

Common carp were most abundant in the LPRSA during the late summer/early fall in 
2009, and were one of most abundant species in the entire LPRSA fish community. 
Common carp were much less abundant during the winter, possibly because of a 
wintertime preference for warmer water temperatures in deeper water.  

9.4 SPAWNING AND REPRODUCTION 
Common carp begin spawning over aquatic vegetation in late April and continue into 
June. Spawning areas are typically along shores or in backwater areas that are shallow 
(less than 2 m deep) and vegetated (FishBase 2007; Maryland DNR 2007a). Common 
carp spawn on submerged vegetation (aquatic or terrestrial) (Edwards and Twomey 
1982), often in shallow, weedy bays (Maryland DNR 2007a). Spawning temperatures 
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range from 18 to 23°C (Edwards and Twomey 1982). Stuart and Jones (2002) observed 
downstream movements to floodplain habitat that they associated with spawning. 
Common carp display homing tendencies, returning to streams of origin to spawn 
(Bonneau and Scarnecchia 2002).  

The eggs of common carp adhere to submerged vegetation or the bottom substrate 
(Maryland DNR 2007a). When heavy rain causes flooding, common carp are known to 
move into flooded marsh or meadow areas to deposit eggs on submerged plants 
(FishBase 2007; Pennsylvania FBC 2011). After hatching, young carp remain in these 
shallow, backwater areas until they are 7.6 to 10.1 cm in length, feeding on mainly 
small crustaceans during this time. Larvae survive only in very warm water among 
shallow, submerged vegetation (FishBase 2007). Carp grow to 10.1 to 12.7 cm in length 
during their first year of life (Maryland DNR 2007a). 

There is some uncertainty regarding the lifespan of common carp. Most carp live for 
9 to 15 years in the wild (Werner 2004), but some have been reported to live for 
20 years or longer (Maryland DNR 2007a).  

9.5 DIET 
The carp is an omnivore, eating a wide variety of aquatic plants, algae, insect larvae, 
other invertebrates, and even small fish. Carp are mainly bottom dwellers but search 
for food in the middle and upper layers of the water body, and also take aquatic plants 
and insects from the surface (FishBase 2007; FAO 2011). They usually feed by rooting 
in the bottom substrate with their snouts, eating the food they dislodge along with fine 
sediment and detritus (Pennsylvania FBC 2011). They feed most actively at dusk and 
dawn (FishBase 2007).  

Adult common carp are opportunistic feeders that eat plant and animal material. Both 
adults and juveniles feed on aquatic insects, crustaceans, annelids, mollusks, aquatic 
plants, algae, benthic organisms (e.g., chironomids, gastropods, and other larval 
insects), detritus, insect/fish larvae, plankton (e.g., cladocerans, copepods, amphipods, 
and mysids), and small fish (Maryland DNR 2007a; Garcia-Berthou 2001; USGS 2010). 
Algae, detritus, pebbles, and sediment are commonly found in the stomachs contents 
of common carp (Campos 2005). Common carp have also been reported to prey on the 
eggs of other fish species, decayed aquatic plants, and the stalks, leaves, and seeds of 
aquatic and terrestrial plants (USGS 2010). A study in a Missouri lake determined the 
common carp diet composition to be 61% organic detritus, 19% insects, 10% 
microcrustaceans, and 9% phytoplankton (Walburg and Nelson 1966). Common carp 
fry or larvae prefer zooplankton but will eat phytoplankton when zooplankton are 
limited (NJDEP 2001b; USGS 2010); larvae primarily consume plankton with a 
maximum size of 150 to 180 µm (FAO 2011). 

Empirical data on the food ingestion rates of common carp were not identified from 
the literature; however, a general equation presented in Arnot and Gobas (2004) that is 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
67 

 

dependent on body weight and water temperature can be used to estimate the feeding 
ingestion rates of common carp:  

 
)T*06.0(85.0 exp)bw022.0(FIR ××=  Equation 9-1 

Where: 

FIR = food ingestion rate (kg ww/day) 
bw = body weight (kg) 
exp = 2.71828 
T = temperature (degrees Celsius) 

Empirical data on the incidental sediment ingestion rates of common carp were also 
not available from the reviewed literature. Sediment ingestion rates for use in the 
BERA will be estimated using best professional judgment based on the benthic feeding 
habits of carp. 

9.6 ENVIRONMENTAL CONDITIONS  
Common carp are able to use a variety of habitats and survive extremes of 
environment, such as high salinities and low oxygen concentrations (FishBase 2007; 
EPA 2008); carp are typically a freshwater species but may tolerate brackish water 
(NJDEP 2001b). In the United States, common carp generally tolerate salinities of up to 
5 ppt, but have been found in salinities as high as 17.6 ppt (USGS 2010; FAO 2011). The 
optimum temperature range for carp is 20 to 28°C, but they have been known to 
spawn at temperatures as low as 13°C (NJDEP 2001b), and have an upper lethal 
temperature of 34.5°C (Edwards and Twomey 1982). 

The common carp is more abundant in water bodies with low gradients that are turbid 
and receive sewage, agricultural, or stormwater runoff, and less abundant in clear 
water with high gradients (USGS 2010). Carp create their own turbidity, muddying the 
waters during their bottom-rooting feeding activities (Pennsylvania FBC 2011). Such 
turbidity-increasing activities may have a negative impact on sight-dependent 
predatory fish (e.g. bass and sunfish), and have been observed to significantly alter 
aquatic communities under controlled conditions (Parkos et al. 2003; USGS 2010). Carp 
can survive DO concentrations as low as 0.3 to 0.5 mg/L, as well as supersaturation 
(FAO 2011). They are able to tolerate periods of low DO concentrations in the water by 
gulping air from the surface (Edwards and Twomey 1982).  

9.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 9-1 summarizes common carp life history information for parameters that will 
be used in the BERA, or in the site-specific bioaccumulation model. Life history 
parameter values will be selected from information presented in Table 9-1, along with 
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site-specific LPRSA studies and other literature. The rationale for the selected values 
will be provided in the BERA and bioaccumulation model reports. 

Table 9-1. Life history parameters of common carp 
Exposure Factor Unit Valuea Source/Rationale 

Body weight (adults)  kg 

4.5 – 6.8 Maryland DNR (2007a) 

1.4 – 3.5 
(average 2.6) Tierra Solutions Inc. (2002c) 

1.2 – 7.1 
(average 2.6) Windward (2010, 2011c) 

Length (adults)  cm 

76 – 110 Maryland DNR (2007a); FishBase (2007) 

46 – 73 
(average 56) Tierra Solutions Inc. (2002c) 

6.5 – 78 
(average 55) Windward (2010, 2011c) 

Food ingestion rate  kg/day 0.002 x bw (kg)0.85 x 
exp(0.06*T) Arnot and Gobas (2004) 

Incidental sediment ingestion  % nab nab 

Invertebrate diet proportion % 39 Walburg and Nelson (1966) 

Other diet proportions  
(algae, detritus, plants) % 61 Walburg and Nelson (1966) 

Home range km 

< 10 Bonneau and Scarnecchia (2002) 

23.36 Stuart and Jones (2002) 

0.5 Crook (2004) 

1.72 Stuart and Jones (2002) 

LPRSA seasonal use  season spring, summer, fall, 
winter 

Tierra Solutions Inc. (2002c); Windward (2010, 
2011c) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on the incidental sediment ingestion rates of carp are not available from the reviewed literature. 

Sediment ingestion rates for use in the BERA will be estimated using best professional judgment based on the 
benthic feeding habits of carp. 

BERA – baseline ecological risk assessment 
bw – body weight 
DNR – Department of Natural Resources 

LPRSA – Lower Passaic River Study Area  
na – not available 
T – temperature (ºC) 
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10 Smallmouth Bass (Micropterus dolomieu) and Largemouth 
Bass (Micropterus salmoides) 

This section presents life history profiles for smallmouth bass (Micropterus dolomieu) 
and largemouth bass (Micropterus salmoides). Information presented in these  
species-specific life history profiles, along with site-specific results of the LPRSA 
biological surveys and other literature, will be used to inform the selection of exposure 
parameters and exposure areas for use in the BERA. Risk assessment exposure 
parameters will also be used to parameterize the site-specific bioaccumulation model.  

10.1 SIGNIFICANCE AND USE 
Smallmouth and largemouth bass, often grouped together and referred to as black 
bass, belong to a group of fishes known as sunfish, which are members of the family 
Centrarchidae. Both bass species are widespread, common in freshwater and estuarine 
systems throughout the United States (FishBase 2007), and top predators in their 
ecosystems. They are also popular sport fish throughout the United States (Scott and 
Crossman 1973); bass angling, including tournaments targeting these species, is 
believed to contribute significantly to some local economies. Both smallmouth and 
largemouth bass are year-round residents of the LPRSA (Windward 2010; Tierra 
Solutions 2002c). 

Adult bass are often the top predatory fish in their habitats, whereas, juveniles can be 
prey for other fish, including larger conspecifics (Post et al. 1998) and turtles (Scott and 
Crossman 1973). Piscivorous birds such as osprey (Pandion haliaetus), belted 
kingfishers (Megaceryle alcyon), great blue herons (Ardea herodias), and bitterns are 
known to prey on juvenile smallmouth and largemouth bass (Scott and Crossman 
1973).  

10.2 SPECIES SIZE CLASS  
 The Largemouth bass is the largest member of the Centrarchidae family, and the 
smallmouth bass is the second largest species (UMassAmherst 1997). In the New 
Jersey mid-Atlantic region, largemouth bass typically weigh between 0.45 and 2.72 kg 
(NJDEP 2007; Werner 2004); average weight is approximately 1 kg (Curtis and Wehrly 
2006). Largemouth bass are typically a maximum length of 40 to 50 cm, and females 
are generally longer than males (Curtis and Wehrly 2006). Adult smallmouth bass 
typically range from 20 to 56 cm in length and weigh from 1 to 2 kg (Page and Burr 
1991; Edwards et al. 1983). Variability in smallmouth and largemouth bass growth has 
been attributed to prey abundance, latitude, elevation, and temperature (Forney 1972; 
Beamesderfer and North 1995), and is likely also associated with predator density, 
including cohort density (Beamesderfer and North 1995; Post et al. 1998). Fry of both 
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species are usually 2 to 3 cm in length when they disperse from their nests, and grow 
from 10 to 20 cm in length in their first year (Curtis and Wehrly 2006).  

In 2009 and 2010, smallmouth bass collected from the LPRSA ranged from 6.7 to 32 cm 
in length (an average of 20 cm) and from 4.6 to 373 g in weight (an average of 151 g) 
(Windward 2010, 2011c). Largemouth bass collected from the LPRSA ranged from 
5.5 to 31 cm in total length (an average of 14 cm) and from 1.5 to 440 g in weight (an 
average of 82 g) (Windward 2010, 2011c).  

10.3 HABITAT AND DISTRIBUTION 
Largemouth bass are indigenous to most of eastern North America, ranging from 
southeastern Canada to Mexico (Curtis and Wehrly 2006). This species has been 
introduced widely (e.g., New England, the western United States, and other locations 
all over the world) as a game fish (FishBase 2007). Smallmouth bass are native to the 
Great Lakes region; however, the species is now commonly found throughout the 
United States (Edwards et al. 1983). Smallmouth bass share most of their range with 
largemouth bass and live in the same types of water bodies, but the two fish are found 
in different habitats (Sowa and Rabeni 1995). Clear water is important to both bass 
species, because both are visual predators and turbidity affects their ability to forage 
successfully (UMassAmherst 1997). Bass are most active in the morning and evening 
(Page and Burr 1991).  

Both smallmouth and largemouth bass have relatively small home ranges, typically 
from 30 to 91 m long (Lewis and Flickinger 1967). Largemouth bass home ranges are 
anywhere from 1,000 to 500,000 m2 (0.1 to 50 ha) in area, and seldom more than 100 m 
long (Gatz and Adams 1994). Bass have strong site fidelity, and increased movement is 
usually due to movement of prey species, spawning, or overwintering (Curtis and 
Wehrly 2006; Lewis and Flickinger 1967; Demers et al. 1996; Post et al. 1998). One 
study conducted by Savitz et al. (1983) in a lake in Illinois demonstrated that food 
resource availability influenced home range size for largemouth bass, with 
abundances of food leading to smaller home ranges and scarcity of food leading to 
larger home ranges (Savitz et al. 1983). Largemouth bass live in the clear water of 
lakes, ponds, and slow-moving or backwater areas of creeks and rivers, preferring 
abundant aquatic vegetation and overgrown banks (Curtis and Wehrly 2006; Page and 
Burr 1991). The species’ habitat varies from fine to coarse sediment substrate that is 
heavily vegetated or contains abundant wood structures, such as logs, stumps, or 
downed trees (Pennsylvania FBC 2011). Largemouth bass are rarely found in rocky 
habitat and avoid water with swift currents (FishBase 2007). They prefer shallow 
water that is less than 2.4 m deep, but may go as deep as 6.1 m (Pennsylvania FBC 
2011; Curtis and Wehrly 2006). Optimal habitat for largemouth bass includes a 
sufficient area of deep water (> 6 m), so that they can overwinter successfully; in 
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riverine habitat, high-order streams with low gradient and deep and slow-moving 
pools or backwater are preferable(Stuber et al. 1982). 

Smallmouth bass prefer rocky locations with more limited vegetation, deeper water, 
and faster currents than largemouth bass (Pflug and Pauley 1984; NJDEP 2011). 
Instead of the heavily vegetated habitat of largemouth bass, smallmouth bass utilize 
structures such as logs, stumps, rocky outcrops, piers, and pilings (Edwards et al. 
1983). They prefer streams with moderate flow that have abundant shade and cover, 
and are found in pools, eddies, and deeper channels with gravel, cobble, or large 
rocks, or near drop-offs with similar conditions (Pflug and Pauley 1984; NJDEP 2011). 

Seasonal fish community surveys and tissue collection efforts were performed in the 
LPRSA (from the mouth of the LPRSA at Newark Bay [RM 0] to Dundee Dam 
[RM 17.4]) in 2009 and 2010 (Windward 2010, 2011c). Smallmouth bass were collected 
in freshwater areas of the LPRSA (between RM 6 and RM 17.4, the only region in 
which smallmouth bass were found); they were observed during the late 
summer/early fall and late spring/early summer, but not in the winter. Largemouth 
bass were found only in the late summer and early fall surveys between RM 6 and 
RM 17.4. During the 2009 and 2010 late spring/early summer and late summer/early 
fall fish surveys, the recorded temperatures for the LPRSA from RM 6 to RM 17.4 
ranged from 18.9 to 28.5°C, and salinity ranged from 0.2 to 3.96 ppt.  

During the winter 2010 fish community survey, neither bass species was observed in 
the LPRSA, possibly due to their inactivity and preference for deep water during 
winter months (NJDEP 2011, 2007). In addition, during the 2009 and 2010 fish 
community surveys, smallmouth bass were found most frequently in areas of deeper 
water with riprap or rocky substrate, bulkhead structures or woody debris, and 
overhanging or shoreline vegetation. In comparison, while adult largemouth bass 
were found in similar deepwater habitats, juveniles preferred shallow areas or 
mudflats with varied substrate and overhanging or shoreline vegetation.  

10.4 SPAWNING AND REPRODUCTION 
Both bass species breed in spring, from May to early June; smallmouth breed when 
water temperatures reach 12 to 18ºC, and largemouth when temperatures reach 12 to 
21ºC (Curtis and Wehrly 2006; NJDEP 2007; Pflug and Pauley 1984; NJDEP 2011). Like 
most centrarchids, male bass build nests for spawning and defend the nest site, eggs, 
and fry (Werner 1980). 

Largemouth bass nests may be built on gravel, sand, or mud substrate that includes 
benthic debris and aquatic vegetation (Curtis and Wehrly 2006). The nests are shallow 
pits, about 15 cm deep (6 in.) and as wide as 0.9 m (3 ft) in diameter. Nests are 
typically close to the shoreline in water from 0.3 to 1.2 m deep (Pennsylvania FBC 
2011). Eggs hatch after about 10 days in water that is 18ºC (Pennsylvania FBC 2011). 
The young largemouth bass stay at the bottom of the nest for about a week until the 
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yolk sac is absorbed. Then they rise above the nest in a school and begin feeding on 
planktonic invertebrates, insects, and small fish (Pennsylvania FBC 2011). The male 
will continue to defend the school of fry for up to a month (Curtis and Wehrly 2006). 
After about a month, when the fry reach approximately 3 cm in length, they disperse 
(Curtis and Wehrly 2006).  

Smallmouth bass nests are shallow pits excavated in gravel or sand substrates, and 
often built next to a log, boulder, or other structure (NJDEP 2011). These nests are 
approximately 0.6 m in diameter and 5 to 10 cm (2 to 4 in.) deep. They are usually near 
the shoreline in shallow water (1 to 3 m deep), although they can be in clear water that 
is more than 6.1 m deep (Pennsylvania FBC 2011). Based on habitat conditions, 
smallmouth bass may move into tributary streams with moderately flowing water to 
spawn (Pennsylvania FBC 2011). Depending on temperature, eggs hatch in two to nine 
days, and the fry leave the nest one to two weeks later (Scott and Crossman 1973). 
Young smallmouth bass tend to stay in quiet, shallow areas with rocks and vegetation 
(Scott and Crossman 1973). Seasonal variability in flow events can affect smallmouth 
bass reproductive success, since high flows can destroy nests and sweep eggs and fry 
downriver; moderate flows are optimal for a high rate of fry survival (Pennsylvania 
FBC 2011). 

The lifespan of largemouth bass is 10 to 15 years; the oldest reported wild largemouth 
bass was 23 years old (Stuber et al. 1982; Curtis and Wehrly 2006), but the species 
seldom lives more than 10 years. The average life span of the smallmouth bass is 6 to 
15 years. Although the species can live for up to 18 years, it is uncommon for an 
individual to live for more than 7 years (Scott and Crossman 1973; Edwards et al. 
1983). 

10.5 DIET 
Bass are pelagic sight feeders and get their food by lying in wait and making sudden 
attacks (Pennsylvania FBC 2011). Bass are gape limited, meaning that their diet is 
limited by the size of an individual’s mouth. Accordingly, their diets are influenced by 
size and life stage (Pennsylvania FBC 2011), and the seasonal availability of prey 
(Edwards et al. 1983; Pflug and Pauley 1984). Bass feed, day and night, throughout the 
water column, ranging in depth from the middle of the water column to the surface 
(Pennsylvania FBC 2011). Neither species typically feeds during spawning, nor do 
they feed when the water temperature is below 5°C or above 37°C (FishBase 2007).  

Adult bass predominately eat fish such as minnows, perch, shiners, smelt, sculpin, 
suckers, and bluegills or other, smaller centrarchids (Scott and Crossman 1973; Forney 
1972). They are opportunistic and will also eat crayfish, frogs, insects, snakes, and even 
small mammals and birds that enter the water (Scott and Crossman 1973; FishBase 
2007; Woodlot 2002). Adults also cannibalize young fish from other parents (Scott and 
Crossman 1973). Fry and juvenile bass feed on plankton, amphipods, copepods, adult 
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and larval insects, and small fishes; they also cannibalize one another (Stuber et al. 
1982; Woodlot 2002). 

Largemouth bass larger than 5 cm in total length feed almost exclusively on other fish 
(Scott and Crossman 1973; TAMS and Menzie-Cura 2000). Data from a study 
performed in the Hudson River indicates that 75 to 90% of the largemouth bass diet 
consists of fish, and 10 to 25% consists of various invertebrates, including crayfish 
(TAMS and Menzie-Cura 2000). The invertebrates most commonly observed in the gut 
contents of largemouth bass include amphipods, isopods, cladocerans, cyclopoid 
copepods, ostracods, and some chironomid larvae (TAMS and Menzie-Cura 2000). 
Lake largemouth bass in Michigan were reported to consume smaller amounts of fish; 
fish comprised 57% of the stomach contents (by weight), and invertebrates (including 
pelagic and benthic invertebrates) comprised 32% (Rick et al. 2011).   

A study in Iowa determined that the diet of smallmouth bass (based on percent 
occurrence of foods in the stomach) consisted of 20% insects, 30.5% crayfish, and 39% 
fish, the remainder consisting of other organisms (Wydoski and Whitney 2003). 
Another study in Washington State determined that the smallmouth bass diet ranged 
from 36 to 91% fish, 7 to 40% crayfish, and 0 to 32% insects (Pflug and Pauley 1984). 
The percents of both fish and crayfish in the smallmouth bass diet increases with size 
and age, whereas the percent of invertebrates decreases (Pflug and Pauley 1984). 

Several studies have shown that largemouth bass demonstrate foraging plasticity, 
adjusting their feeding behavior to maintain populations under varying 
environmental conditions (Schindler et al. 1997). Schindler et al. (1997) determined 
that under conditions of dense intraspecific competition, largemouth bass were able to 
sustain a highly dense population in a small lake by feeding primarily on benthic 
organisms. Similarly, Garcia-Berthou (2002) studied a largemouth bass population 
introduced to a lake on the Iberian Peninsula and found that because the availability of 
prey fish was low, adult bass continued to feed on shrimp, insects, and crayfish rather 
than shift their diet to primarily consist of fish.  

Empirical data on the food ingestion rates of smallmouth and largemouth bass were 
not identified from the literature; however, a general equation presented in Arnot and 
Gobas (2004) that is dependent on body weight and water temperature can be used to 
estimate the feeding ingestion rates of both species:  

 
)T*06.0(85.0 exp)bw022.0(FIR ××=  Equation 10-1 

Where: 

FIR = food ingestion rate (kg ww/day) 
bw = body weight (kg) 
exp = 2.71828 
T = temperature (degrees Celsius) 
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Selected sediment ingestion rates for use in the BERA will be qualitatively based on 
the feeding habits of smallmouth and largemouth bass.  

10.6 ENVIRONMENTAL CONDITIONS  
Both smallmouth and largemouth bass are considered warm-water species, being most 
active in waters ranging from 20 to 30°C, although smallmouth bass prefer slightly 
cooler temperatures than largemouth bass (Edwards et al. 1983; FishBase 2007). In the 
winter, bass move into deeper water or seek deepwater pools with structures for 
protection; once there, they become inactive at temperatures below 10 to 15°C 
(Edwards et al. 1983; Stuber et al. 1982). Largemouth bass can tolerate a range of 
salinities and are often found in estuaries with salinities less than 4 ppt, although the 
species can also tolerate salinities of up to 13 ppt (Stuber et al. 1982). Smallmouth bass 
are less tolerant of brackish water and are typically only found in freshwater.  

In general, centrarchids are moderately tolerant of degraded water quality (USEPA 
2008; EPA 2008). Smallmouth and largemouth bass will avoid low DO conditions. 
Smallmouth bass are more sensitive than other bass species to turbidity, which 
occludes visibility and the pursuit of prey, whereas largemouth bass are reportedly 
more tolerant of turbidity than other bass species, providing that there is abundant 
food (USEPA 2008; EPA 2008). 

Growth is reduced when DO is less than 8 mg/L for largemouth bass, and less than 
6 mg/L for smallmouth bass. Both species become distressed when DO is less than 
5 mg/L (Edwards et al. 1983; Stuber et al. 1982), and levels of less than 1.0 mg/L are 
considered lethal. Increases in turbidity reduce feeding levels, which reduces growth 
rates (Stuber et al. 1982). One study, based on survival and growth of largemouth bass, 
determined that optimal water conditions have suspended solids of less than 25 ppm 
(Buck 1956; as cited in Stuber et al. 1982). 

Optimal pH for bass is 6.5 to 8.5 (Stuber et al. 1982; NJDEP 2011), which is typical for 
most freshwater fish. Neither largemouth nor smallmouth bass will spawn if the pH is 
less than 5, and their eggs will not hatch if the pH is greater than 9.6 (Stuber et al. 1982; 
NJDEP 2011). 

10.7 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 10-1 summarizes smallmouth and largemouth bass life history information for 
parameters that will be used in the BERA, or in the site-specific bioaccumulation 
model. Life history parameter values will be selected from information presented in 
Table 10-1, along with site-specific LPRSA studies and other literature. The rationale 
for the selected values will be provided in the BERA and bioaccumulation model 
reports. 
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Table 10-1. Life history parameters of smallmouth and largemouth bass 
Exposure Factor Unit Valuea Source/Rationale 

Both Bass Species    

Food ingestion rate  kg/day 0.002 x bw (kg)0.85 x 
exp(0.06*T) Arnot and Gobas (2004) 

Incidental sediment 
ingestion  % nab nab 

Home range 
m 30 – 90 Lewis and Flickinger (1967) 

km2 0.001 – 0.5 Curtis and Wehrly (2006) 

Smallmouth Bass    

Body weight (adults)  g 

typically 454 – 1,814 
(1 – 4 lbs); up to 

3600 (8 lb) 
NJDEP (2011); Werner (2004) 

5.0 – 373 
(average = 152) Windward (2010, 2011c) 

Length (adults)  cm 
20 – 56 Edwards et al. (1983); Page and Burr (1991); 

Werner (2004) 

4.5 – 32 
(average = 17) Windward (2010, 2011c) 

Insect diet proportions  % 
20 Wydoski and Whitney (2003) 

0 – 32c Pflug and Pauley (1984) 

Invertebrate diet proportion 
(crayfish) % 

30.5 Wydoski and Whitney (2003) 

7 – 40c Pflug and Pauley (1984) 

Fish diet proportion % 
39 Wydoski and Whitney (2003) 

36 – 91c Pflug and Pauley (1984) 

Other diet proportions 
(algae, detritus, plants) % 10.5 Wydoski and Whitney (2003) 

LPRSA seasonal use  season all seasonsd Windward (2010, 2011c) 

Largemouth Bass    

Body weight (adults)  g 

454 to 2,722  
(1 – 6 lbs); up to 

5000 (11 lbs) 
NJDEP (2007); Werner (2004) 

1.5 – 440 
(average = 82) Windward (2010, 2011c) 

Length (adults)  cm 
40 – 56 Curtis and Wehrly (2006); Werner (2004) 

5.5 – 31 
(average = 14) Windward (2010, 2011c) 

Invertebrate diet proportion 
(small invertebrates, larvae) % 

32 Rick et al. (2011)  

10 – 25 TAMS and Menzie-Cura (2000) 
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Table 10-1. Life history parameters of smallmouth and largemouth bass 
Exposure Factor Unit Valuea Source/Rationale 

Fish diet proportion % 
58 Rick et al. (2011) 

75 – 90 TAMS and Menzie-Cura (2000) 

Other diet proportions 
(algae, detritus, plants) % 

< 1 Garcia-Berthou (2002) 

10 Rick et al. (2011) 

LPRSA seasonal use  season all seasonsd Windward (2010, 2011c) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on incidental sediment ingestion rates of smallmouth and largemouth bass were not available 

from the reviewed literature. Sediment ingestion rates for use in the BERA will be selected based on the 
qualitative benthic feeding habits of bass. 

c Fish diet percentages based on number of individuals in gut contents. 
d Bass were collected in the LPRSA only during the summer and fall surveys, but are assumed to be present 

during the spring and winter months as well. During cold periods, bass become less active, which could be why 
they were not being caught during colder weather surveys. They are resident species, so they can be assumed 
to be present at all times. 

BERA – baseline ecological risk assessment 
bw – body weight 
LPRSA – Lower Passaic River Study Area 

na – not available 
NJDEP – New Jersey Department of Environmental Protection 
T – temperature (ºC) 
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11 Mallard Duck (Anas platyrhynchos) 

This section presents a life history profile for the mallard duck (Anas platyrhynchos). 
Information presented in this species-specific life history profile, along with  
site-specific results of the LPRSA biological surveys and other literature, will be used, 
as needed, for comparative purposes in the BERA.7  

11.1 SIGNIFICANCE AND USE  
Mallard ducks belong to the family Anatidae. They have a widespread presence and 
are found throughout North America and all across Eurasia (Drilling et al. 2002). 
Mallards are reported to be the most abundant species of duck in the United States 
(USFWS 1991; as cited in USEPA 1993). However, habitat degradation and drought 
conditions have lead to a noticeable decline in populations in important areas in the 
mid-continental region of the United States (USFWS 1991; as cited in USEPA 1993). 
Mallards are surface-feeding ducks commonly found in both freshwater and saltwater 
wetland habitats, feeding in shallow water ponds (USEPA 1993).  

11.2 SPECIES SIZE CLASS  
Mallards are large dabbling ducks, averaging 58 cm from bill to tail tip; adults range 
from 50 to 65 cm in length and 1.0 to 1.8 kg in weight (Drilling et al. 2002; USEPA 
1993). Typically, mallard ducks experience an opposite change in weight during the 
laying and incubation periods: females lose weight while incubating eggs, whereas 
males tend to gain weight (Lokemoen et al. 1990a; as cited in USEPA 1993).  

11.3 HABITAT AND DISTRIBUTION 
Cold winter temperatures prompt migration for most mallards in the United States to 
the central and southern areas of the country, where most lakes and ponds stay ice 
free (Goode 2006). Mallards live year-round in New Jersey (Drilling et al. 2002). They 
can generally inhabit any area that provides food, cover, and a permanent body of 
water, although they tend not to be found in small, fast-flowing streams (Ohio DNR 
2008). Urban areas that provide man-made structures like city park ponds and bird 
feeders are utilized by mallards (Figley and VanDruff 1982; as cited in Drilling et al. 
2002). These human constructs in urbanized areas may be the reason for the mallard’s 
range expansion in the northeastern United States; with such structures, it does not 
need to utilize tidal flats, saltwater marshes, or frozen inland areas (Heusmann 1988; 
as cited in Drilling et al. 2002).  

 
7 Per the LPRSA Problem Formulation Document (Windward and AECOM 2009), the assessment of the 

herbivorous bird (e.g., mallard) will not be a quantitative assessment. Therefore, this information will 
be used for comparative purposes only.  
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In general, mallards use the same corridor for both spring and autumn migration, and 
they remain faithful to that migration corridor after the first year (Bellrose and 
Crompton 1970; as cited in Drilling et al. 2002). Several factors influence the migration 
of mallards, including tailwinds, low humidity, warming temperatures and falling 
pressure in spring, and cooling temperatures and rising pressure in autumn 
(Hochbaum 1955; Richardson 1978; as cited in Drilling et al. 2002).  

The preferred habitats of mallards include natural grasslands surrounding 
reed-bordered sloughs, marshy areas, and potholes on prairie lands (Goode 2006). 
During the winter, they prefer natural bottomland wetlands and rivers to reservoirs 
and farm ponds (Heitmeyer and Vohs 1984; as cited in USEPA 1993). Changes in 
temperature, ice cover, and flooding regimes throughout the year influence the habitat 
use and distribution of mallards (Allen 1987). They are very adaptable and are usually 
found where there is food; a permanent body of water, including ditches, ponds, 
streams, and lakes; and grassy cover (Ohio DNR 2008). A study conducted by the US 
Army Corps of Engineers (USACE) (TAMS and Malcolm Pirnie 2004) in 1987 
identified portions of the LPRSA that were used by certain species of water fowl, 
including the mallard, as stopover habitats. 

Mallards are territorial and a male generally creates the area where he will breed with 
a female, which he defends against other mallards (Bellrose 1976; as cited in USEPA 
1993). The home range size and shape is dependent on two factors: the distance of the 
upland nesting habitat from the aquatic feeding habitat, and the population density 
(Granholm 2011). Breeding home ranges for mallards were reported as 1.1 mi2 in 
Manitoba, Canada, (Dzubin 1955; Granholm 2011), and averaged 0.8 mi2 for females 
and 0.9 mi2 for males in Minnesota forests over the entire breeding season (Drilling et 
al. 2002).  

Generally, mallard breeding habitat includes shallow aquatic areas for feeding and 
thick vegetation for nesting, but man-made structures are often used for nesting as 
well, whether near water or not (Harrison 1975; Fergus 2003). When ice freezes over 
marshes, lakes, and ponds, mallards prefer accessible dry land and corn fields 
(e.g., farm fields). Mallards typically require dense, grassy vegetation at least 0.5 m in 
height (Bellrose 1976; as cited in USEPA 1993) for nesting habitat to provide 
concealment and protection from predation. Nests are usually located on the ground 
in thick, vegetated cover adjacent to water. However, nests are sometimes found more 
than 1.6 km from water; on floating mats of vegetation in marshes; under bushes in 
residential areas; on rock piles, hay bales, and tree stumps; and in large cavities as 
much as 2.7 to 10.7 m above the ground (Harrison 1975; Ohio DNR 2008).  

During the 1999 and 2000 bird surveys conducted on the lower portion of the LPRSA, 
locally available breeding habitat for the mallard was confined to highly disturbed 
riparian areas and Phragmites (i.e., common reed) with little if any wetland function 
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(Ludwig et al. 2010). The mallard was confirmed to be breeding in the Passaic River 
and its vicinity (Ludwig et al. 2010). 

Ludwig et al. (2010) reported the results from seasonal avian surveys conducted in 
1999 and 2000 along a 6-mile reach of the LPRSA, from near the mouth at Newark Bay 
up to the vicinity of Kearny, New Jersey. During these surveys, mallards were present 
in the LPRSA throughout the year, were observed in the greatest abundance (other 
than gulls) of any avian species, and peaked in number in the winter (47 per survey 
event) (Ludwig et al. 2010). Of the total number of mallards observed in the lower 
portion of the LPRSA (n = 719), 40% were observed in spring, 22% were observed in 
fall, 20% were observed in winter, and 18% were observed in summer. Wading birds 
(including mallards) were observed most frequently on the shoreline.  

Seasonal bird community surveys in the LPRSA were also conducted in summer and 
fall 2010 and winter and spring 2011 over the 17.4-mile stretch of the LPR from the 
mouth at Newark Bay up to Dundee Dam (Windward 2011a, [in prep]-a). Mallards 
were observed in the greatest numbers in the fall (approximately 3,000) and summer 
(approximately 1,500) throughout the LPRSA. During the winter and spring surveys, 
approximately 460 and 240 mallard observations were made, respectively. During the 
summer 2010 avian survey, mallards were usually observed on the water and rocky 
shoreline (54 and 38%, respectively). As with the summer avian survey, the fall 2010, 
winter 2011, and spring 2011 avian survey field efforts observed mallards on the water 
the majority of the time (74, 58, and 44%, respectively). Most mallards observed in the 
seasonal surveys were seen above RM 10: 

 Of the mallards observed during the summer survey, 6% were observed 
between RM 0.5 and RM 4, 9% between RM 4 and RM 8.8, and 85% from above 
RM 8.8 to RM 17.4.  

 Of the mallards observed during the fall survey, 5% were seen between RM 0.5 
and RM 4, 19% between RM 4 and RM 8.8, and 75% from RM 8.9 to RM 17.4. 

 Of the mallards observed during the winter survey, 10% were observed 
between RM 0.5 and RM 4, 30% between RM 4 and RM 8.8, and 60% from 
above RM 8.8 to RM 17.4.  

 Of the mallards observed during the spring survey, 18% were seen between 
RM 0.5 and RM 4, 32% between RM 4 and RM 8.8, and 50% from above RM 8.8 
to RM 17.4.  

11.4 BREEDING AND REPRODUCTION 
Mallards typically breed from April through May, and monogamous breeding pairs 
establish nests singly or in the vicinity of other pairs and re-mate annually (Granholm 
2011; Palmer 1976; as cited in USEPA 1993). The ideal nesting site is usually on fairly 
dry ground in tall, dense, herbaceous vegetation or low shrubbery within 30.5 to 
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100 m of water, and rarely more than 8 km from water (Bellrose 1976; Ohio DNR 2008; 
Granholm 2011). This ecological niche provides maximum cover to protect the 
mallards and young from predation and a potential food source for the species’ 
aquatic diet. A study in Minnesota (Gilmer et al. 1975; as cited in Granholm 2011) 
reported a breeding home range of 3 mi2 for a pair of mallards during the breeding 
season. The average density of breeding mallards in the prairie pothole region ranges 
from 0.006 to 0.067 pairs per 10,000 m2 (Duebbert and Kantrud 1974; Duebbert and 
Lokemoen 1976; Kantrud and Stewart 1977; Lokemoen et al. 1990b; as cited in USEPA 
1993).  

Mallards produce only one brood per year, although re-nesting is possible if their first 
clutch is destroyed or abandoned (Drilling et al. 2002). Mallards typically lay a clutch 
of 6 to 12 eggs in March, averaging 9 eggs and ranging from 1 to 18 eggs; they incubate 
the eggs for approximately 23 to 29 days (Drilling et al. 2002; Granholm 2011). The 
male deserts his mate at the time of egg incubation, leaving the female to incubate the 
eggs; however, females usually leave their nests once every morning for 
approximately 24 minutes (Drilling et al. 2002). During laying and early incubation, 
females may lose up to 25% of their body mass (Krapu 1981). The females care for the 
ducklings until they can fly, which is 40 to 60 days after hatching (Bellrose 1976; as 
cited in Granholm 2011). Mallards reach sexual maturity at 1 year of age (USEPA 1993) 
and can breed the following spring (Drilling et al. 2002). 

High mallard egg and fledgling mortality of mallard is often observed. Mallard nest 
success averaged 18% in the St. Lawrence River Valley of New York from 1990 to 1992, 
and the major cause of nest failure was predation, which accounted for 92% of those 
failures measured (Losito et al. 1995). Studies of mallards in North Dakota found that 
35% of hatchlings fledged (Talent et al. 1983; Cowardin et al. 1985), and total brood 
mortality was 85% within two weeks of hatching (Talent et al. 1983). 

11.5 DIET 
Mallards are omnivorous and opportunistic generalist feeders that typically eat at 
night. Their diet predominately consists of seeds from moist-soil plants, acorns 
(Quercus spp.), cereal crops (especially corn, rice, and barley [Hordeum sp.], wheat 
[Triticum sp.]), and aquatic vegetation (e.g., bulrushes, pondweed, and smartweed) 
(Fergus 2003; Allen 1987). Typically, a mallard’s diet is about 90% plant material (Bent 
1923; Martin et al. 1961; as cited in Granholm 2011). Martin et al. (1961) reported gut 
contents from 165 individuals, although no samples were collected in during the 
summer. Of the samples collected, 95% were collected in the fall and winter. Drilling 
et al. (2002) report that during breeding season, the ducklings and females consume 
mostly insects, such as midge larvae (Chironomidae) and other Diptera, dragonflies 
(Odonata), and caddisfly (Trichoptera) larvae; tadpoles; small fish; aquatic 
invertebrates, such as snails and freshwater shrimp; and terrestrial earthworms. The 
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diet of hatchlings shifts from mostly insects to seeds by the sixth week of age (Chura 
1961; as cited in Granholm 2011). In the winter, urban mallards often rely entirely on 
human-provided food, such as bread or seeds. A study done in North Dakota found 
that a breeding mallard’s diet consisted of 40 to 46% non-insect benthic invertebrates, 
11 to 33% plants, and 13 to 48% insects (Swanson et al. 1985; as cited in USEPA 1993).  

The mallard is a dabbling duck, because it frequents shallow, marshy habitats, where 
it forages for plant and animal food on and near the water surface. It feeds by dabbling 
with its bill, which has a serrated edge, in shallow waters, and by tipping up its bill 
with a mouthful of food and detritus (Fergus 2003). It prefers water depths of 20 to 
40 cm for optimum foraging in shallow waters or near the surface (Allen 1987). 
Generally, the mallard feeds by skimming and filtering small plant and animal food 
from the water and the surface of the river bottom, collecting insects and seeds in 
fields and along the shores of rivers, probing in mud and shallow waters, and 
occasionally grazing by shearing plant leaves and stems, as opposed to uprooting and 
consuming whole plants as geese or swans do; the mallard rarely dives to forage for 
food (Granholm 2011). Mallards may travel long distances for food, up to 40 km 
(Fergus 2003). Food ingestion rates specific to wild mallards are not available from the 
reviewed literature; however, the following allometric equation for omnivorous birds8 
from Nagy (2001) can be used to estimate mallard feeding rates: 

 627.0bw67.0FIR ×=  Equation 11-1 

Where: 

FIR = food ingestion rate (g dry weight [dw]/day) 
bw = body weight (g) 

An incidental soil ingestion rate of 3.3% (on a dry weight basis) was reported for 
mallards by Beyer et al. (1994). An incidental water ingestion rate was not available 
from the reviewed literature, but the following general equation presented in Calder 
and Braun (1983), which is dependent on body weight, can be used to estimate a water 
ingestion rate for birds:  

 
67.0bw059.0WIR ×=  Equation11-2 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

 
8 Ingestion rates for herbivorous birds are not available from Nagy (2001). 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
82 

 

11.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 11-1 summarizes the mallard duck life history information for parameters that 
will be used in the BERA. Life history parameter values will be selected from 
information presented in Table11-1, along with site-specific LPRSA studies and other 
literature. The rationale for the selected values will be provided in the BERA. 

Table 11-1. Life history parameters of mallard ducks 

Exposure Factor Unit Valuea Source 
Body weight (adults)  g 1,088 – 1,814 USEPA (1993)  

Food ingestion rate  g dw/day 0.67 × bw (g)0.627 Nagy (2001) 

Incidental sediment ingestion  % dw 3.3 Beyer et al. (1994) 

Water ingestion rate L/day 0.059 × bw (kg)0.67 Calder and Braun (1983) 

Invertebrate diet proportion % 
1 Dillon (1959) as cited in USEPA (1993) 

40 – 46 Swanson et al. (1985) as cited in USEPA 
(1993) 

Other diet proportions 
(plants/grains) % 

92 Dillon (1959) as cited in USEPA (1993)  

90 Bent (1923) and Martin et al. (1961) as cited in 
Granholm (2011) 

11 – 33 Swanson et al. (1985) as cited in USEPA 
(1993) 

Other diet proportions 
(insects) % 13 – 48 Swanson et al. (1985) as cited in USEPA 

(1993) 

Home range mi2 
1.1 Dzubin (1955) as cited in Granholm (2011) 

0.8 – 0.9 Drilling et al. (2002) 

LPRSA seasonal use na spring, summer, 
fall, winter 

Ludwig et al. (2010); Windward (2011a, [in 
prep]-a) 

a Empirical data are provided, where available, from the literature.  
bw – body weight 
dw – dry weight 
LPRSA – Lower Passaic River Study Area 

na – not available 
USEPA – US Environmental Protection Agency 
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12 Spotted Sandpiper (Actitis macularia) 

This section presents a life history profile for the spotted sandpiper (Actitis macularia). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA.  

12.1 SIGNIFICANCE AND USE 
Spotted sandpipers belong to the family Scolopacidae. They are one of the most 
widespread breeding sandpipers in North America (Oring et al. 1997) and a resident 
breeding avian species on the LPR. The spotted sandpiper is a sediment-probing 
invertivore that inhabits the banks of aquatic environments. Breeding habitat for the 
species has been identified in an area encompassing the LPRSA and Kearney Marsh 
(Ludwig et al. 2010).  

12.2 SPECIES SIZE CLASS  
Spotted sandpipers are small shorebirds with moderately long legs and bills, with 
medium-sized adults ranging from 18 to 20 cm in length (Maxson and Oring 1980; as 
cited in USEPA 1993). Females weigh from 43 to 50 g and are up to 20 to 25% larger 
than males, which weigh from 34 to 41 g (Maxson and Oring 1980; as cited in USEPA 
1993). During the winter, spotted sandpipers have been observed to lose weight 
(Johnsgard 1981). Adult body size and length is approached by about 15 days after 
hatching (Nelson 1939). 

12.3 HABITAT AND DISTRIBUTION 
Spotted sandpipers are found throughout much of North and Central America, 
breeding in much of North America, including northern New Jersey. During the 
winter, spotted sandpipers migrate to Central America, traveling as far south as 
Bermuda, Peru, and central Argentina (Oring et al. 1997). Migration is usually solitary 
or in small flocks (USEPA 1993). Females typically leave wintering and breeding 
grounds first, followed by males, and then juveniles (Bradstreet et al. 1977). During 
spring and fall migration, spotted sandpipers prefer freshwater habitats over estuaries 
and beaches (Howell and Webb 1995).  

Spotted sandpipers prefer to live along the edges of water bodies, typically using 
semi-open habitats for nesting and dense vegetation for breeding (USEPA 1993). It is 
necessary for spotted sandpipers to be close to water for bathing, drinking, and 
foraging (Maxson and Oring 1980). When there is limited shoreline habitat, spotted 
sandpipers may nest further from shore, using a variety of vegetation types, and then 
secure territories on the water’s edge after their chicks hatch (Oring et al. 1983; Oring 
et al. 1997). Nesting locations vary depending on the risk of predation. Generally, 
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spotted sandpipers prefer areas near herbaceous vegetation within 5 m of one another, 
but if predation is intense or food is limited, territory size increases (USEPA 1993; 
Oring et al. 1997). 

Spotted sandpipers prefer to forage on the ground in open habitat, such as beaches 
with sandy or firm substrate. They are also known to forage on the edges of creeks, 
streams, and sandy ponds (Rubbelke 1976). Spotted sandpipers have relatively small 
home range areas, about 22 km2, and dispersal distances ranging from 22.5 to 30.5 km 
(Reed and Oring 1993). 

Blasland, Bouck & Lee, Inc. (BBL) (2002) and Ludwig et al. (2010) reported the results 
from seasonal avian surveys conducted in 1999 and 2000 along a 6-mile reach of the 
LPR, from near its mouth at Newark Bay up to the vicinity of Kearny, New Jersey. 
During these surveys, spotted sandpipers were observed in the spring, summer, and 
fall. Of the total number of spotted sandpiper observed in the lower portion of the 
LPRSA (n = 227), 44% were observed in spring, 35% were observed in summer, and 
21% were observed in fall. Other shorebird species observed were killdeer, greater 
yellowlegs, least sandpiper, and lesser yellow legs. Shorebirds were nearly always 
observed on the shoreline or on mudflats. 

Seasonal bird community surveys were also conducted in the LPRSA, in summer and 
fall 2010 and winter and spring 2011, over the 17.4-mile stretch of the LPRSA from the 
mouth at Newark Bay to Dundee Dam (Windward 2011a, [in prep]-a). Sandpipers 
were observed frequently throughout the 17.4-mile LPRSA during the summer avian 
surveys (n = 1,451, primarily least sandpiper [44%] spotted sandpiper [28%], and 
semipalmated sandpiper [27%], but also small numbers [1%] of white-rumped 
sandpiper, pectoral sandpiper, solitary sandpiper, and western sandpiper), most often 
on mudflats (79% of the time). Sandpipers were observed in smaller numbers during 
the fall survey (n = 12, spotted sandpiper only) and spring survey (n = 91, primarily 
spotted sandpiper [53%], but also semipalmated sandpiper [32%], and least sandpiper 
[15%]); sandpiper were not observed in winter. Spotted sandpiper were observed in 
the highest numbers throughout the LPRSA during the summer 2010 avian survey 
(Windward 2011a), during which they were seen primarily on mudflats (83% of the 
time) and less frequently on rocky shorelines (13% of the time) (Windward 2011a). 
During the fall 2010 and spring 2011 avian survey, spotted sandpipers were observed 
33 and 67% of the time, respectively, on mudflats or the shoreline. The greatest 
numbers of sandpiper were observed between RM 0 and RM 12: 

 Of all sandpiper observed during the summer survey, 48% were observed 
between RM 0 and RM 6, 43% between RM 6 and RM 12.4, and 9% from above 
RM 12.4 to RM 17.4.  
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 Of all sandpiper observed during the fall survey, 8% were observed between 
RM 0 and RM 6, 17% between RM 6 and RM 12.4, and 75% from above RM 12.4 
to RM 17.4. 

 Of all sandpiper observed during the spring survey, 75% were observed 
between RM 0 and RM 6.4, 15% between RM 6.4 and RM 12.1, and 10% from 
above RM 12.1 to RM 17.4.  

12.4 BREEDING AND REPRODUCTION 
Spotted sandpipers typically breed from May through August (Oring et al. 1997). The 
species is primarily polyandrous, with females breeding with multiple males (Oring 
and Lank 1982; as cited in USEPA 1993; Hays 1972). Either sex may choose a nest site, 
initiate nest building, and attempt to attract a mate to it (Oring et al. 1997). Their 
breeding territories range from 812 to 20,000 m2, with beach length ranging from 20 to 
400 m (Oring et al. 1997). Spotted sandpiper breeding has been confirmed in the area 
encompassing the LPRSA and Kearney Marsh, and also in an area encompassing the 
lower portion of the Hackensack River (Ludwig et al. 2010). 

The average clutch size is four eggs, and females lay one to six clutches per year 
(Oring et al. 1983). Males typically spend more time than females incubating the eggs 
during the 19- to 22-day incubation period and supplying parental care after the eggs 
hatch, but females may incubate and brood longer if a male is not available (Maxson 
and Oring 1980; Oring et al. 1997). Young approach adult body size and length by 
about 15 days after hatching (Nelson 1939). Yearlings migrate north later than adults, 
and breed at 1 year of age (Oring et al. 1997). A study by Oring et al. (1991) observed 
an individual that bred for 9 years, the greatest number of breeding years on record, 
and a study by Clapp et al. (1982) recorded a 12-year-old spotted sandpiper, the 
maximum recorded age for the species. 

12.5 DIET 
The spotted sandpiper diet consists of primarily aquatic invertebrates and insects, 
(including flying insects [e.g., midges and mayflies]), worms, fish, crustaceans, 
mollusks, and carrion (Oring et al. 1983; Rubbelke 1976), although they will eat almost 
any animal that is small enough (Rubbelke 1976). Chicks can feed themselves 
immediately after hatching but can be inhibited by dense vegetation around the 
nesting site (Rubbelke 1976). Along the shoreline, spotted sandpipers wade into the 
water’s edge and probe or peck prey in or near the sediment (Oring et al. 1997). Food 
ingestion rates specific to spotted sandpipers were not available in the literature 
reviewed, but common sandpipers have been reported to ingest 0.175 g dry weight 
(dw)/g body weight (bw)/day (Nagy 2001). Spotted sandpipers have been observed 
occasionally hopping into the air to catch flying insects (Nelson 1939). The species 
detects its prey visually, and feeding selectivity decreases when food abundance is 
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low (Rubbelke 1976). During the beginning of the breeding season in May and June, 
insect abundance is at its highest. Lank et al. (1985) found that egg laying ends when 
food availability decreases in the late season.  

Incidental sediment ingestion rates were not available from the literature reviewed; 
however, incidental soil ingestion rates range from 7.3 to 30% (on a dry weight basis) 
in various sandpiper species (i.e., stilt sandpiper, least sandpiper, western sandpiper, 
and semipalmated sandpiper) (Beyer et al. 1994).  

Empirical data on the water ingestion rates of sandpipers were not identified from the 
literature reviewed; however, a general equation presented in Calder and Braun (1983) 
that is dependent on body weight can be used to estimate a water ingestion rate for 
birds:  

 
67.0bw059.0WIR ×=  Equation 12-1 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

12.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 12-1 summarizes spotted sandpiper life history information for parameters that 
will be used in the BERA. Life history parameter values will be selected from 
information presented in Table 12-1, along with site-specific LPRSA studies and other 
literature. The rationale for the selected values will be provided in the BERA. 
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Table 12-1. Life history parameters of spotted sandpiper 

Exposure Factor Unit Valuea Source/Rationale 

Body weight (adults)  g 34 – 50 Maxson and Oring (1980) as cited in USEPA 
(1993); Johnsgard (1981) 

Food ingestion rate  g dw/g 
bw/day 0.175  Nagy (2001) 

Incidental sediment ingestion  % dw 7.3 – 30  Beyer et al. (1994)  

Water ingestion rate L/day 0.059 x bw (kg)0.67 Calder and Braun (1983) 

Invertebrate diet proportion % 100 Maxson and Oring (1980) as cited in USEPA 
(1993)  Fish diet proportion % 0 

Home range km2 22 Reed and Oring (1993) 

LPRSA seasonal use na spring, summer, 
fall BBL (2002); Windward (2011a, [in prep]-a) 

a Empirical data are provided, where available, from the literature.  
BBL – Blasland, Bouck & Lee, Inc.  
bw – body weight 
dw – dry weight  

LPRSA – Lower Passaic River Study Area 
na – not available 
USEPA – US Environmental Protection Agency 
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13 Herons and Egrets 

This section presents life history profiles for the great blue heron (Ardea herodias), great 
egret (Ardea alba), snowy egret (Egretta thula), little blue heron (Egretta caerulea), and 
green heron (Butorides virescens). The black-crowned night heron (Nycticorax nycticorax) 
life history profile is presented in a separate section (Section 13). Information 
presented in these species-specific life history profiles, along with site-specific results 
of the LPRSA biological surveys and other literature, will be used to inform the 
selection of exposure parameters and exposure areas for use in the BERA. 

The great blue heron is the most studied of the heron and egret species, and therefore 
most of this document contains information on the life history profile of the great blue 
heron. Both the great egret and snowy egret are heron species but are known as egrets, 
primarily because of their white coloring. Life history information for the great egret is 
very similar to that of the blue heron, since both are larger herons, whereas the life 
history information for the snowy egret, little blue heron, and green heron are similar, 
but to a lesser degree, since the first two are medium sized and the last is small. 

13.1 SIGNIFICANCE AND USE 
Great blue herons, great egrets, snowy egrets, and little blue herons are medium- to 
large-sized birds, whereas green herons are small. All are piscivorous wading birds, 
belonging to the Ardeidae family and inhabiting the banks of aquatic environments 
such as lakes, rivers, brackish marshes, lagoons, mangroves, and coastal wetlands 
(Chapman and Howard 1984; MassWildlife 2010; McCrimmon et al. 2011; Short and 
Cooper 1985; USEPA 1993). Herons and egrets are predominately fish eaters, but are 
also opportunistic foragers that feed on anything that can fit in their mouths, such as 
crustaceans, amphibians, small mammals, reptiles, and insects (Heron Working Group 
2006; Parsons and Master 2000; McCrimmon et al. 2011).  

Great blue herons are among the most adaptable, abundant, and widespread herons in 
North America (Butler 1992). They are the most-studied members of the Ardeidae 
family and are often used as an indicator of environmental quality. The great blue 
heron is frequently used in ecological risk assessments, since it is a common species 
with a wide geographic distribution, and because it is susceptible to the 
biomagnification of certain chemicals because of the species’ upper-level trophic 
position and feeding habits (Custer et al. 1997; Henning et al. 1999). 

Other egret and heron species are also often used as biological indicators of ecosystem 
health and habitat quality, because they are upper-level trophic birds with wide 
geographic distributions and tend to accumulate contaminants (Custer et al. 1991). The 
absence of egrets and herons in estuarine and coastal habitats may indicate ecosystem 

http://en.wikipedia.org/wiki/Ardeidae
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disturbances, such as contamination, habitat loss, or human activity (Custer et al. 1980; 
Antonucci et al. 2008). 

Herons and egrets attract a high level of societal interest; the great egret is the symbol 
of the National Audubon Society (Chapman and Howard 1984; Short and Cooper 
1985). Both the snowy and great egret populations declined dramatically in the United 
States in the early 1900s because of the popularity of their feathers for women’s hats. 
These populations have made recoveries since the Migratory Bird Treaty Act of 1916, 
and they now exist in abundance over much of their original ranges (Parsons and 
Master 2000; Conserve Wildlife 2011; McCrimmon et al. 2011). 

13.2 SPECIES SIZE CLASS  
The great blue heron is the largest heron in North America. It is a wading bird with a 
long neck, legs, and body (Butler 1992). Adults average from 97 to 137 cm in length, 
have wingspans of 167 to 201 cm, and weigh from 2 to 2.6 kg, with males being 5 to 
15% larger than females (Heron Working Group 2006; Quinney 1982). 

The great egret is a large-sized wading bird with a long neck, legs, and body, and is 
slightly smaller than the great blue heron (McCrimmon et al. 2011). Adults average 
from 94 to 104 cm in length, have wingspans of up 140 cm, and weigh from 0.8 to 1 kg, 
with males being larger than females (Chapman and Howard 1984; McCrimmon et al. 
2011). 

The snowy egret and little blue heron are medium-sized wading birds (Parsons and 
Master 2000). Snowy egrets average from 56 to 66 cm in length, have wingspans of up 
100 cm, and weigh approximately 370 g, with males being larger than females 
(Parsons and Master 2000). Little blue heron average from 63 to 74 cm in length, have 
wingspans of approximately 100 to 105 cm, and weigh from 315 to 412 g, with males 
being larger than females (Rodgers and Smith 1995).  

The green heron is a small, stocky wading bird. Adults sizes average between 41 and 
46 cm in length and 241 g in weight (Davis and Kushlan 1994). 

13.3 DISTRIBUTION 
For all heron species, distribution, migration, and wintering range are controlled by 
temperature and food and habitat availability, all of which can vary from year to year.  

13.4 GENERAL OCCURRENCE 
The great blue heron ranges in marine and freshwater habitats throughout most of 
North and Central America, from southern Alaska and Canada to Panama and the 
Caribbean (Butler 1992). Many northern populations move south in September and 
October to the southern Atlantic and Gulf of Mexico coasts and Central America 
(Butler 1992). In New England, spring migrants return in mid-March (Butler 1992). 
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Some New Jersey populations are year-round, non-migratory residents that 
overwinter and nest (Butler 1992; Antonucci et al. 2008). Great blue heron prefer to 
overwinter in coastal marine habitats, especially saltwater marshes along the East 
Coast of the United States (Butler 1992).  

The great blue heron has the most well-studied home ranges of the heron and egret 
species discussed in this report. Several studies on great blue heron home ranges in 
various locations throughout North America have reported that foraging grounds are 
generally within 0 to 8 km of breeding colonies, and that 15 to 20 km is generally the 
farthest great blue herons will travel from the colony to foraging areas (USEPA 1993).9 
However, based on several studies in which distance from colonies to foraging areas 
ranged from 0.55 to 34.1 km, Henning et al. (1999) determined the median distance 
traveled by great blue herons to foraging sites to be 12 km. Great blue heron feeding 
territories may be defended during any season (Palmer 1962; Butler 1992; Kushlan 
1976). In northern regions, the number of feeding territories declines through winter; 
however, adult males do not always migrate and may defend feeding territories 
year-round (Butler 1992). Adults may defend feeding territories along rivers, creeks, 
and mudflats, day and night (Bayer 1981). Territory ranges in freshwater marshes and 
estuarine areas are 6,000 to 84,000 m2, respectively, with shoreline lengths of 129 and 
355 m, respectively (Bayer 1981). Although feeding territories are defended against 
encroachers, herons and egrets nest colonially, occasionally with multiple species 
within the same heronry (USEPA 1993), which indicates that nesting territories are 
much smaller than feeding territories. 

Great egrets are widespread and abundant throughout most of North America 
(Chapman and Howard 1984; McCrimmon et al. 2011). They are widely distributed in 
coastal and open-water areas throughout the world, in tropical and temperate 
climates, and most northern-ranging populations migrate south to avoid cold winters 
(Conserve Wildlife 2011). Migrating populations typically move south in September 
and October to the southern Atlantic and Gulf of Mexico coasts, the Caribbean, and 
Central America (McCrimmon et al. 2011). After breeding, they return north in 
February and March (Jones 2002). At a colony in North Carolina, most great egrets 
flew less than 4 km from their nesting colonies (and presumably, their roosting sites) 
to feeding areas (Custer and Osborn 1978; as cited in McCrimmon et al. 2011), but 
flight distances of up to 36 km have been recorded in the floodplain of the Upper 
Mississippi River (Thompson et al. 1979; as cited in McCrimmon et al. 2011). Great 
egrets typically forage within 10 km of their colonies. In Florida, great egrets travel an 
average of 6.3 km (most great egrets traveling from 2.4 to 15.6 km), with the longest 
distance measured as 40 km (McCrimmon et al. 2011).  

 
9 Home ranges are discussed by the distance traveled between nesting colonies and foraging areas, and 

as feeding territories. 
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Snowy egrets are found throughout North, Central, and South America and are 
adaptable to a wide variety of aquatic habitats in tropical and temperate climates 
(Parsons and Master 2000; Irvin and Cameron 2009). They live throughout the United 
States, but are more common in the southern portions of the country. Most northern 
snowy egret populations migrate south to avoid cold winters (Conserve Wildlife 
2011). Migrating populations from locations north of Virginia typically move south to 
Mexico, Central America, South America, and the Caribbean as early as September; in 
early March, after overwintering, they return north to breed (Parsons and Master 
2000). They arrive at breeding colonies in Delaware and southern New Jersey by late 
March. Snowy egrets’ foraging flights average 2.8 km for breeding colonies at Lake 
Okeechobee in Florida (Parsons and Master 2000).  

The little blue heron is found in North American from along the Atlantic coast (from 
Massachusetts to Florida) to the Midwest, but is most abundant along the Gulf of 
Mexico. Its range extends as far south as northern portions of South America (Rodgers 
and Smith 1995). The little blue heron breeds along the Atlantic coast from New 
England to Florida, and winters on the Gulf and Atlantic coasts as far north as New 
Jersey. The species’ foraging flights from breeding colonies range from 2.9 to 10.2 km 
(Rodgers and Smith 1995). 

Green herons have a wide range in North America, but are generally found near 
wetlands and forested areas. They occur as far north as Canada and as far south as 
northern South America. They are more often found throughout the eastern United 
States and the Midwest, and to a lesser degree on the West Coast. During the breeding 
season they are found primarily in the eastern United States. Most populations in 
North America are migratory, and move south after breeding in mid-September. The 
spring migration to the north occurs from March to April (Davis and Kushlan 1994; 
Hancock and Kushlan 1984). No information regarding the home range of the green 
heron has been found in the literature reviewed, but its range is likely similar to that of 
the snowy egret or little blue heron, considering the similarity of size and habitat and 
dietary preferences. 

13.5 PRESENCE IN THE LOWER PASSAIC RIVER 
BBL (2002) and Ludwig et al. (2010) reported the results seasonal avian surveys 
conducted in 1999 and 2000 along a 6-mile reach of the LPRSA, from near the mouth at 
Newark Bay up to the vicinity of Kearny, New Jersey. During these surveys, great blue 
herons, great egrets, black-crowned night herons (see Section 13), snowy egrets, and 
green herons were observed during the spring, summer, and fall surveys. Snowy 
egrets were observed in the fall and summer surveys, and one little blue heron was 
observed during the fall survey. Herons and egrets were observed most frequently on 
the shoreline, and were observed throughout the lower 6 miles of the LPRSA. 
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Seasonal bird community surveys were also conducted in summer and fall 2010 and 
winter and spring 2011 over the 17.4-mile stretch of the LPRSA from the mouth at 
Newark Bay up to Dundee Dam (Windward 2011a, [in prep]-a). During these four 
surveys, the seasonal presences of herons and egrets varied by species. Great blue 
herons and great egrets were the most frequently observed species. Great blue herons 
were observed during the summer (n = 42), fall (n = 126), winter (n = 6), and spring 
(n = 7), and great egrets were seen during the summer (n = 27), fall (n = 46), and spring  
(n = 12), but not in the winter. Most of the great blue herons observed in the summer 
(50%) were found between RM 0.5 and RM 3.9. Most of the great egrets observed in 
the summer (78%) were located between RM 11.2 and RM 17.4, whereas most of the 
great egrets observed in the fall (54%) were observed further downstream, between 
RM 0.5 and RM 3.9. Snowy egrets and green herons were observed less frequently 
than the other species surveyed. Only two snowy egrets (between RM 0 and RM 4) 
and six green herons (observed between RM 0 and RM 4 and between RM 9.6 and 
RM 17.4) were observed in the LPRSA during the summer and spring of 2010 (none 
were observed in the fall or winter). Little blue herons were not observed during any 
of the four seasonal surveys conducted in 2010 and 2011. The observed presence of 
herons and egrets along specific stretches of the LPRSA does not indicate specific 
home ranges for these species; rather, it is more likely indicative of their use of the 
LPRSA as foraging territory.  

13.6 HABITAT  
Both great blue herons and great egrets can be found along shorelines in both marine 
and freshwater habitats, such as oceans, marshes, lakes, and rivers (Butler 1992). Both 
species are also found in grasslands where they hunt for mice, reptiles, or amphibians, 
but typically only during the winter when shorelines are iced over (Butler 1992). They 
usually forage in open, calm, shallow water along shorelines and show no preference 
among fresh, brackish, and saltwater habitats (Kushlan 1978; Willard 1977; Chapman 
and Howard 1984). Great egrets are also known to feed in or along the shorelines of 
estuarine seagrass beds, banks of Spartina marshes on rivers or lakes, drainage ditches, 
marshlands (Kushlan 1976), and occasionally grassy areas (McCrimmon et al. 2011). 
Feeding sites are generally not turbid and are fairly open, with no vegetative canopy 
and few emergent shoots (Thompson et al. 1979; as cited in McCrimmon et al. 2011). 

The great blue heron and the great egret hunt by stalking and foraging, either 
solitarily or in flocks with other wading and piscivorous water bird species (Kushlan 
1978). They most often hunt by slowly wading or standing and waiting in calm water 
that is typically less than 50 cm deep for herons and less than 23 cm deep for great 
egrets (Willard 1977). Both species typically search for prey by standing on a firm 
substrate, but also hunt from stationary objects (e.g., logs, wharves, or pilings) or 
floating objects (Butler 1992), or even while floating (Butler 1992). Great blue herons 
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feed both night and day, whereas great egrets typically feed during the day; however, 
both species are most active around dawn and dusk (Terres 1987; Granholm 2008).  

The snowy egret prefers brackish/marine habitats with relatively shallow water less 
than 15 cm deep (Willard 1977; Parsons and Master 2000), such as saltwater marsh 
pools, tideflats, shallow bays, mangrove pools, freshwater marshes/swamps, ocean 
inlets, and lake margins. It breeds in both coastal and inland wetland environments 
(Antonucci et al. 2008). Snowy egrets are often found in tidally influenced bays and 
rivers, where they forage for fish and invertebrates stranded on the shore (Kushlan 
1976; Parsons and Master 2000). The species uses more hunting and foraging 
techniques, such as foot-stirring, pursuit, and disturb-and-chase, than the larger heron 
species (SNC-Lavalin 2012; Willard 1977). Their use of multiple foraging techniques 
increases the variety of their food and allows them to be more selective in their prey 
(SNC-Lavalin 2012; Willard 1977). They commonly forage in flocks with other wading 
and piscivorous water bird species (Kushlan 1978). Snowy egrets feed during the day 
and are most active around dawn and dusk (Terres 1987; Granholm 2008).  

The little blue heron prefers habitat similar to that of the snowy egret, except that the 
heron favors freshwater inland habitats over marine habitats; it is also often found in 
estuaries (Willard 1977). The little blue heron prefers freshwater ponds, lakes, 
marshes, and swamps with relatively shallow water (less than 15 cm deep), and 
occasionally occupies flooded or dry, grassy fields. 

Green herons prefer riparian habitats with relatively shallow water less than 10 cm 
deep. They inhabit both freshwater and marine environments, such as estuaries, 
mangrove pools, marshes/swamps, lakes, rivers, and ponds. They breed in both 
coastal and inland wetland environments. Green herons are solitary feeders that prefer 
quiet and densely vegetated habitats, making them rarely observed even when 
abundant. Green herons feed during the day and are most active around dawn and 
dusk (Hancock and Kushlan 1984; Terres 1987).  

Herons and egrets along the LPRSA have been most frequently observed on the 
shoreline, in flight, and/or on mudflats during the seasonal surveys conducted 
(Table 13-1). Great egrets, snowy egrets, little blue herons, and green herons are 
known to nest in or near the New York Harbor area (Kerlinger 1997).  
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Table 13-1. Summary of dominant egret and heron habitat as observed in the 
LPRSA 

Species 

Percent Occurrence of Dominant Habitats Where Herons/Egrets Observed 
1999/2000 Spring, Summer, Fall, and Winter 

Surveys on Lower 6 miles of LPRSA  
(BBL 2002)a 

2010/2011 Summer, Fall, Winter, and Spring 
Surveys on Lower 17.4 miles of LPRSA  

(Windward 2011a, [in prep]-a).  

Great blue 
herons 

summer (n = 33) – mudflats (36%); shoreline 
(52%); in water (12%) 
fall (n = 102) – mudflats (34%); shoreline 
(55%); in water (5%); bridges (6%) 
spring (n=3) – mudflats (67%); shoreline (33%) 

summer (n = 42) – rocky shoreline (50%); 
pilings/logs (12%); mudflats (10%); in flight (10%); 
trees/shrubs (7%); other (12%) 
fall (n = 126) – rocky shoreline (24%); man-made 
structures (19%); in flight (16%); on water (13%); 
vegetation (13%); mudflat (9%) pilings/logs (7%) 
winter (n = 6) – in flight (50%); rocky shoreline 
(33%); mudflat (17%) 
spring (n = 7) – in flight (57%); mudflat (14%); 
outfall (14%); on water (14%) 

Great 
egrets 

summer (n = 125) – mudflats (39%); shoreline 
(39%); in water (10%); bridges (11%) 
fall (n = 139) – bridges (47%); mudflats 
(19%);shoreline (27%); in water (6%) 
spring ( n= 3) – shoreline (100%) 

summer (n = 27) –rocky shoreline (48%); trees 
(22%); mudflats (19%);in flight (11%) 
fall (n = 46) – on water (30%), rocky shoreline 
(20%); in flight (17%); mudflats (15%);  
man-made structures (9%); vegetation (7%); logs 
(2%) 
spring (n = 12) – in flight (42%); bank (25%); 
mudflat (8%); pilings (8%); vegetation (8%); other 
(8%)  

Snowy 
egrets 

summer (n = 20) – mudflats (65%); shoreline 
(30%); in water (5%) 
fall (n = 9) – mudflats (33%); shoreline (56%); 
bridges (11%) 

summer (n = 2) – vegetation (100%) 

Green 
herons 

summer (n = 10) – shoreline (100%)  
fall (n = 25) – mudflats (16%); shoreline (72%); 
in water (4%); bridges (8%) 
spring (n = 9) – mudflats (11%); shoreline 
(89%) 

summer (n = 5) – man-made structures (40%); 
mudflats (40%); vegetation (20%) 
spring (n = 1) – vegetation (100%) 

Little blue 
herons fall (n = 1) – mudflat (100%) none observed 

a Although BBL (2002) conducted avian surveys during the winter, no herons or egrets were observed. 
BBL – Blasland, Bouck & Lee, Inc. 
LPRSA – Lower Passaic River Study Area 

13.7 BREEDING AND REPRODUCTION 
No great blue heron nesting sites have been reported in the vicinity of the LPRSA; 
however, great egret, snowy egret, little blue heron, and green heron nesting sites have 
all been reported in the New York Harbor area (Kerlinger 1997). Possible evidence of 
breeding green herons was found in the area encompassing the LPRSA, Hackensack 
River, and Kearney Marsh (Ludwig et al. 2010). Evidence of breeding in the LPRSA of 
other heron/egret species was not reported.  
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Great blue herons and great egrets have similar breeding and reproduction practices. 
Great blue herons typically breed from mid-March though June, but can continue into 
August (Butler 1992). In northern regions, such as New Jersey and Pennsylvania, eggs 
are usually laid in March and April (USEPA 1993). Great egrets can breed in spring or 
summer and choose the time based on when food is abundant. They typically breed in 
mid-February or early March, although eggs have been recorded from March through 
early August, and young have been observed in nests from mid-May through late 
August (Jones 2002). Snowy egret breeding begins in March or early April, with egg 
laying being most common in mid-May in New Jersey (Parsons and Master 2000; as 
cited in Burger 1978). Green heron breeding occurs from April to June in the New 
England/New York area (MassWildlife 2010). 

Blue herons and egrets usually nest in colonies that range in size from just a few to up 
to thousands of pairs, but occasionally nest solitarily (Butler 1992). Colonies may be 
made up of an assortment of wading and sea birds, including other species of herons 
and egrets, spoonbills, ibises, cormorants, and pelicans. Colonies are usually near 
water, have an abundant source of food, and are often in isolated locations, such as 
islands or wooded swamps, to avoid predation and human disturbance (Butler 1992). 
In New Hampshire and New York, great blue heron colonies are more often found at 
inland sites with brackish water (e.g., estuarine habitats) and freshwater than in 
coastal marine habitats (Butler 1992), and snowy egrets are more often found in 
estuarine habitats (Irvin and Cameron 2009). Nests are usually built in trees or bushes, 
but they may be built on the ground, rocks, cliffs, or artificial structures (Butler 1992; 
Short and Cooper 1985). Nest heights within colonies vary depending on the height of 
the trees; nest heights also correlate to the size of the heron or egret species (Burger 
1978). Thus, great blue heron nests are usually higher than the nests of all other heron 
species. Great blue heron nests are usually 15 to 30 m above the ground, whereas those 
of great egrets are 10 to 20 m above the ground, and those of snowy egrets and little 
blue herons are within 5 to 15 m above the ground.  

Green herons are typically solitary nesters but are occasionally found in small 
colonies. Nesting takes place in forest and swamp patches, over water or in plants near 
water. Nests may be as high as 20 m above the ground, depending on the type of 
vegetation (Davis and Kushlan 1994; Kushlan and Hancock 2005) 

Herons and egrets are monogamous, and pairs typically have only one clutch per year, 
although a second clutch may be laid if the first clutch fails e(Heron Working Group 
2006; Parsons and Master 2000; Jones 2002); in northern locations, there typically is 
insufficient time to lay a second clutch (Butler 1992). Clutches are typically three to six 
eggs, with smaller clutch sizes in more southern locations (Heron Working Group 
2006; Jones 2002; Connecticut Department of Environmental Protection 1997). Both 
parents incubate the eggs during the 22- to 29-day incubation period and supply 
parental care to the young. Great blue herons care for their young for 8 to 12 weeks, 
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great egrets for 7 to 11 weeks, little blue herons for 6 to 7 weeks, and snowy egrets and 
green herons for 4 to 5 weeks (Heron Working Group 2006; Parsons and Master 2000; 
MassWildlife 2010; Jones 2002; Weslosky 2002).  

Most wild great blue herons live for about 10 years, although one wild bird was 
reported to be 23 years old (Butler 1992; Heron Working Group 2006). The great 
egret’s life span is usually 5 years but can range up to 20 years; the oldest recorded 
wild great egret was 22 years old. Snowy egrets usually live between 2 and 17 years 
(Parsons and Master 2000), and little blue herons have been reported to live 8 to 
14 years (Rodgers and Smith 1995). Green herons usually live between 4 and 8 years 
(Davis and Kushlan 1994). 

13.8 DIET 
The great blue heron’s diet is 75 to 100% fish (Alexander 1977; Quinney 1982; both as 
cited in USEPA 1993; Granholm 2008; Cogswell 1977). However, they also feed 
opportunistically on a variety of organisms, including small mammals, reptiles, 
amphibians, insects, and crustaceans (Kushlan 1978; Butler 1993). In an analysis of 
great blue heron stomach contents from a Michigan lake and river, fish (primarily 
trout) made up 94 to 98% of the species’ diet (by wet weight); crustaceans and 
amphibians made up < 2 to 5%, and birds and mammals made up 0 to 1% (Alexander 
1977; as cited in USEPA 1993). Fish made up all of the items regurgitated by nestlings 
in an analysis in Nova Scotia, and species included: American eel (52.6% by wet 
weight), alewife (29.9% by wet weight), pollack (8.9% by wet weight), Atlantic 
silverside (3.6% by wet weight), yellow perch (2.6% by wet weight), and mummichog 
(2.4% by wet weight) (Quinney 1982; as cited in USEPA 1993). Fish consumed by great 
blue heron may range in size from 8 to 33 cm (!!! INVALID CITATION !!!). A prey 
investigation study of great blue herons in Vancouver, British Columbia, found that 
smaller prey were selected more frequently: 73.4% of prey were fish less than 6 cm in 
total length, 19.2% of prey were fish ranging from approximately 6 to 13 cm in total 
length, and 7.4% of prey were fish more than 13 cm in total length (Krebs 1974; as cited 
in EPA 1993). The diet of a nestling heron do not differ from that of its parents, except 
that food is presented in digested form instead of as whole fish (Kushlan 1978). 

Great egrets feed predominately on fish, which make up 83 to 98% of their prey 
(Frederick et al. 1999; McCrimmon et al. 2011; Hoffman 1978). However, they feed 
opportunistically on a variety of organisms, including insects, crustaceans, frogs, 
snakes, small birds, salamanders, turtles, snails, seeds, and occasionally small 
mammals (Chapman and Howard 1984; Kushlan 1976). One year in Florida, fish were 
found to make up an average of 95% of the biomass of the great egret diet, and most of 
the fish consumed were relatively large bodied (sunfish and largemouth bass 
accounted for 41 to 80%); however in other years, different fish have represented the 
dominant species consumed by great egrets (Frederick et al. 1999). In another study in 
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Florida, wherein fish represented more than 98% of the total prey weight, the spotted 
sunfish and sailfin molly accounted for 50 and 17% of the total prey weight, 
respectively, and killifish made up the next highest percentage of fish consumed 
(Baynard 1912; as cited in McCrimmon et al. 2011). Most fish consumed by great egrets 
are less than 10 cm long and are typically small centrarchids (e.g., juvenile smallmouth 
bass, bluegill, or pumpkinseed) or killifish, although fish as long as 36 cm can be 
consumed (Willard 1977; Schlorff 1978; as cited in Chapman and Howard 1984). A 
study in New Jersey found that great egrets tend to prey on organisms ranging from 
6 to 10 cm in length (Recher and Recher 1980; as cited in McCrimmon et al. 2011). 

The snowy egret diet in estuaries on the Atlantic coast has been documented to 
comprise approximately 75% fish and 25% crustaceans (Parsons and Master 2000). 
Specific studies on prey ingested by snowy egrets have reported that 60 to 87% of their 
diet is comprised of fish, with the remaining percentage consists of a variety of 
amphibians (5%) and invertebrates (7 to 40%), such as crayfish and shrimp (Parsons 
and Master 2000). Snowy egret prey items usually range from 2 to 5 cm in length, but 
can be as long as 13 cm (Willard 1977). A study in New Jersey found that most fish 
consumed by snowy egrets are less than 3 cm in length, and typical fish species 
include sheepshead minnows, mummichogs, silversides, juvenile eels, and bay 
anchovies (Parsons and Master 2000; Willard 1977). Snowy egrets in New Jersey have 
also been reported to consume prawns, polychaetes, mud fiddlers, blue crabs, worms, 
snails, reptiles, and occasionally insects (Parsons and Master 2000; SNC-Lavalin 2012; 
Willard 1977).  

The diet of the little blue heron in Florida and Louisiana has been documented to 
comprise 35 to 49% fish (by weight), the remaining percentage consisting of a variety 
of amphibians (15% by weight) and aquatic invertebrates (primarily crustaceans) 
(51% by weight) (Niethammer and Kaiser 1983; Rodgers 1982; as cited by Rodgers and 
Smith 1995). The little blue heron prey items usually range from 2 to 5 cm in length; 
most average 3.5 cm, but prey can be larger, up to 13 cm in length (Willard 1977; 
Niethammer and Kaiser 1983 as cited by; Rodgers and Smith 1995). Typical fish prey 
species include killifish, minnows, carp, perch, bass, and darters (Rodgers and Smith 
1995). Other prey items include prawns and aquatic and terrestrial insects and worms 
(Rodgers and Smith 1995). 

The green heron diet has been documented to include fish, leeches, amphibians, 
crustaceans (e.g., polychaetes, crabs, and shrimp), aquatic and terrestrial insects and 
worms, snails, and snakes and other reptiles (SNC-Lavalin 2012). An analysis of the 
stomach contents of green herons from Louisiana found fish, benthic invertebrates 
(e.g., crayfish and prawns), and insects (primarily dragonflies, grasshoppers, and 
crickets) to make up, by weight, 93, 1, and 7% of the total summer diet, respectively 
(Niethammer and Kaiser 1983 as cited in; Davis and Kushlan 1994). Fish prey range in 
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size from 1.5 to 9.5 cm and include killifish, minnows, perch, sunfish, and juvenile 
catfish and eel (Davis and Kushlan 1994).  

The food ingestion rates of herons and egrets can be determined using the allometric 
equation for wading birds presented in Kushlan (1978):  

 
( ) 001.010FIR )64.0)bwlog(966.0 ×= −×  Equation 13-1 

Where: 

FIR = food ingestion rate (kg wet weight (ww)/day) 
bw = body weight (g) 

 
Empirical data on the water ingestion rates of great blue herons was reported in 
Kushlan (1978) as 0.045 g/g bw/day. 

Empirical data on incidental sediment ingestion rates were not identified from the 
literature. The sediment ingestion rates for use in the BERA will be estimated using 
best professional judgment based on the feeding habits of herons and egrets; the rates 
will be derived qualitatively as a percentage of the food ingestion rates. Incidental 
sediment ingestion for great blue herons while feeding has been assumed to be 
negligible (Sample and Suter 1994).  

13.9 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 13-2 summarizes heron and egret life history information for parameters that 
will be used in the BERA. Life history parameter values will be selected from 
information presented in Table 13-2, along with site-specific LPRSA studies and other 
literature. The rationale for the selected values will be provided in the BERA. 

Table 13-2. Life history parameters of herons and egrets 
Exposure Factor Unit Valuea Source/Rationale 

All Heron/Egret Species    

Food ingestion rate  kg ww/day [10(0.966*log(bw[g])-0.64)] × 
0.001 Kushlan (1978)b 

Incidental sediment 
ingestion  % dw nac nac 

Water ingestion rate g/g bw/day 0.045 Kushlan (1978) 

Great Blue Heron    

Body weight (adults)  kg 2 – 2.6 Butler (1992); Quinney (1982); Dunning 
(1993); USEPA (1993); Bayer (1981) 

Invertebrate diet proportion 
(crustaceans) % 

0 – < 2  Alexander (1977) and Quinney (1982) as 
cited in USEPA (1993) 

1 – 2 Butler (1992)  
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Table 13-2. Life history parameters of herons and egrets 
Exposure Factor Unit Valuea Source/Rationale 

Fish diet proportion % 

75 Cogswell (1977) 

75 – 100 
Alexander (1977) and Quinney (1982) as 
cited in USEPA (1993); Granholm (2008); 
Cogswell (1977)  

Other diet proportion 
(amphibians, birds, and 
mammals) 

% 
< 2 – 5  Alexander (1977) as cited in USEPA (1993) 

0  Quinney (1982) as cited in USEPA (1993) 

Home range 
km 

2.3 – 6.5 Butler (1992) 

0.55 – 34 Henning et al. (1999) 

0 – 20 USEPA (1993) 

ha 0.6 – 8.4 Bayer (1981) 

LPRSA seasonal use na spring, summer, fall, 
winter 

Ludwig et al. (2010); Windward (2011a, [in 
prep]-a). 

Great Egret    

Body weight (adults)  kg 0.8 – 1.1 Chapman and Howard (1984); Dunning 
(1993) 

Invertebrate diet proportion 
(insects, crustaceans) % < 2 – < 5  Frederick et al. (1999); Baynard (1912) as 

cited in McCrimmon et al. (2011)  

Fish diet proportion % 83 – > 98 
Frederick et al. (1999); Baynard (1912) as 
cited in McCrimmon et al. (2011); Hoffman 
(1978) 

Other diet proportion 
(amphibians) % < 2 – < 5 Frederick et al. (1999);Baynard (1912) as 

cited in McCrimmon et al. (2011)  

Home range km 
< 4 – 36 

Custer and Osborn (1978) and Thompson et 
al. (1979) as cited in McCrimmon et al. 
(2011) 

0.24 – 40 McCrimmon et al. (2011) 

LPRSA seasonal use na spring, summer, fall Ludwig et al. (2010); Windward (2011a, [in 
prep]-a) 

Snowy Egret    

Body weight (adults)  g 370 Parsons and Master (2000) 

Invertebrate diet proportion 
(crustaceans) % 40 

Parsons and Master (2000) 
Fish diet proportion % 60 – 87 

Other diet proportions 
(amphibians) % 5 

Home range km 2.8 Parsons and Master (2000) 
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Table 13-2. Life history parameters of herons and egrets 
Exposure Factor Unit Valuea Source/Rationale 

LPRSA seasonal use na summer, fall Ludwig et al. (2010); Windward (2011a, [in 
prep]-a) 

Little Blue Heron    

Body weight (adults)  g 315 – 412 Rodgers and Smith (1995); Dunning (1993) 

Invertebrate diet proportion 
(crustaceans, unspecified 
species) 

% 52 

Niethammer and Kaiser (1983) and Rodgers 
(1982) as cited in Rodgers and Smith (1995) Fish diet proportion % 34 – 49 

Other diet proportions 
(amphibians) % 15  

Home range km 2.9 – 10.2 Rodgers and Smith (1995) 

LPRSA seasonal use na fall Ludwig et al. (2010) 

Green Heron    

Body weight (adults)  g 241 Davis and Kushlan (1994) 

Invertebrate diet proportion 
(insects, crustaceans) % 8 Niethammer and Kaiser (1983)as cited in 

Davis and Kushlan (1994) 

Fish diet proportion % 93 Niethammer and Kaiser (1983) as cited in 
Davis and Kushlan (1994) 

Home range km nad nad 

LPRSA seasonal use na spring, summer, fall Ludwig et al. (2010); Windward (2011a, [in 
prep]-a) 

a Empirical data are provided, where available, from the literature.  
b Daily food ingestion rates are higher during the nesting season, when adults are feeding young (Kushlan 

1978). 
c Empirical data on incidental sediment ingestion rates are not available for heron and egrets. Sediment 

ingestion rates for use in the BERA will be estimated using best professional judgment based on the feeding 
habitats of heron and egrets. 

d Empirical home range data on the green heron are not available. The green heron home range is likely similar 
to those of the snowy egret or little blue heron, because these species are similar in size and have a similar 
diet to that of the green heron. 

BERA – baseline ecological risk assessment 
bw – body weight 
dw – dry weight  
LPRSA – Lower Passaic River Study Area 

na – not available 
USEPA – US Environmental Protection Agency 
ww – wet weight 
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14 Black-crowned Night Heron (Nycticorax nycticorax) 

This section presents the life history profile for the black-crowned night heron 
(Nycticorax nycticorax). Information presented in this species-specific life history 
profile, along with site-specific results for the LPRSA biological surveys and other 
literature, will be used, to inform the selection of exposure parameters and exposure 
areas for use in the BERA. 

14.1 SIGNIFICANCE AND USE 
Black-crowned night herons belong to the family Ardeidae and are one of the most 
widespread herons in North and South America, Europe, Asia, and Africa (Hothem et 
al. 2010). The black-crowned night heron has been listed as a threatened species in the 
State of New Jersey since 1999 because of population decline and habitat loss. This 
species has often been used as an indicator of environmental quality, because it is an 
upper level trophic bird with a wide geographic distribution and a tendency to 
accumulate contaminants (Custer et al. 1991).  

14.2 SPECIES SIZE CLASS  
The black-crowned night heron is a medium-sized wading bird with a stocky body, 
short, thick neck, and short legs (Sibley 2003a; Hothem et al. 2010). Mean adult length 
ranges from 58 to 66 cm, and mean weight ranges from 827 to 1,014 g (Gross 1923; 
Hothem et al. 2010). Although males are generally larger and weigh more than 
females, there is often overlap in measurements, and differences are not statistically 
significant (Hothem et al. 2010). 

14.3 HABITAT AND DISTRIBUTION 
Black-crowned night herons are found throughout most of North America, including 
northern New Jersey. During the North American winter, black-crowned night herons 
tend to migrate to the southern Atlantic coast and Caribbean shores, but some have 
been found to winter as far north as New England (Hothem et al. 2010). In general, 
wintering habitat includes wetlands and coastal areas.  

Migration patterns vary, depending on climate and food availability, from 
short-distance dispersal (10 to 100 km) to long-distance migration, although some 
populations (e.g., some California populations) are believed to be sedentary (Hothem 
et al. 2010). Southward migration begins in late September or October along coastal 
and riverine paths, possibly reflecting wetland and food availability (Kushlan and 
Hancock 2005); northward paths of spring migrations are not well documented. 
Arrivals begin in the northeastern United States by the end of March (Wilson Jr et al. 
1997). Migration is known to occur in small groups or alone, usually at night (Kushlan 
and Hancock 2005). Black-crowned night herons also undergo a post-breeding 

http://en.wikipedia.org/wiki/Ardeidae
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dispersal, during which some young of the year move north after fledging. They 
typically return to breed at their natal sites (Hothem et al. 2010). Home range data are 
not available for black-crowned night heron. 

Black-crowned night herons prefer to live along the edges of water bodies, with 
preference given to wetland habitat suitable for feeding. Burger (1978; as cited in 
Hothem et al. 2010) notes that, of these near-water habitats, black-crowned night 
heron prefer forested or scrubby areas containing vegetation of various heights (1.5 to 
12 m). The largest concentrations of black-crowned night herons have been found in 
coastal areas with substantial foraging habitat. Nesting increases with the availability 
of foraging habitat (Kushlan 1978), which includes various wetland habitats such as 
swamps; streams; river mudflats; and saltwater, brackish, and freshwater marshes 
(Hothem et al. 2010). Key wintering habitats in North America include the bays and 
coastal wetlands of southern New England and the mid-Atlantic states, and the 
wetlands of Florida, although black-crowned night herons may be found throughout 
areas along the East Coast of the United States during the whole year (Hothem et al. 
2010). 

BBL (2002) and Ludwig et al. (2010) reported the results from the seasonal avian 
surveys conducted in 1999 and 2000 along a 6-mile reach of the LPR, from near the 
mouth at Newark Bay up to the vicinity of Kearny, New Jersey. Black-crowned night 
herons were observed during the spring, summer, and fall surveys. Of the 
black-crowned night herons observed in the lower portion of the LPRSA (n = 129), 
33% were observed in fall, 66% were observed in summer, and 1% were observed in 
spring. Wading birds (including black-crowned night herons ) were observed most 
frequently on the shoreline throughout the lower 6 miles of the LPRSA. 

Seasonal bird community surveys were also conducted in summer and fall 2010 and 
winter and spring 2011 over the 17.4-mile stretch of the LPRSA (Windward 2011a, [in 
prep]-a). Black-crowned night herons were observed throughout the LPRSA during 
the summer and fall 2010 surveys, most often on tree limbs under the canopy cover. 
They were not observed during the winter 2011 survey, and were only observed in the 
upper portion of the LPRSA during the spring 2011 survey. The following presents a 
summary of the summer, fall, and spring findings: 

 During the summer 2010 survey, 16 black-crowned night herons were 
observed; 8 of these were observed on trees or shrubs and 4 were observed in 
flight. Of the black-crowned night herons observed during the summer survey, 
12% (n = 2) were seen between RM 0.5 and RM 1.6, 25% (n = 4) between RM 5.6 
and RM 7.7, and 63% (n = 10)between RM 12.6 and RM 17.4.  

 During the fall 2010 avian survey, 21 black-crowned night herons were 
observed; 9 of these were observed on man-made structures (i.e., dock, pier, 
outfall or bulkhead), 5 were observed in trees or shrubs, and 3 were observed in 
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flight. Of the black-crowned night herons observed during the fall survey, 38% 
(n = 8) were seen between RM 0.6 and RM 2.2, 19% (n = 4) between RM 3.5 and 
RM 6.3, and 43% (n = 9) between RM 14.2 and RM 17.4.  

 During the spring 2011 avian survey, 12 black-crowned night herons were 
observed; 3 of these were observed in trees or shrubs, 3 were observed over 
water, 2 were observed in flight, and 2 were observed at a dam. All 12 of the 
black-crowned night herons observed during the spring survey were seen 
between RM 14.2 and RM 17.4. 

14.4 BREEDING AND REPRODUCTION 
Because of their widespread distribution, pair formation dates for black-crowned 
night herons are highly variable. In northeastern North America, they typically breed 
from March to May (Burger 1978). Based on an evaluation by Ludwig et al. (2010) of 
breeding bird survey data presented in The Birds of New Jersey (Walsh et al. 1999), there 
is possible evidence of black-crowned night herons breeding in the LPRSA. Ludwig et 
al. (2010) identified possible breeding habitat for black-crowned night herons in the 
area encompassing the LPRSA and Kearney Marsh, the latter of which supports a 
black-crowned night heron heronry and provides roosting and feeding habitat 
(USFWS 1997).  

Black-crowned night herons are monogamous, and females generally have only one 
clutch per year, although a second clutch may be laid if the first clutch fails (Nickell 
1966). The average clutch size is four eggs (Custer et al. 1983). Black-crowned night 
herons may build nests in various habitats, including trees, shrubs, grassy and rocky 
areas, marshes, and cliff sides (Gross 1923; Hothem et al. 2010). Males choose the nest 
site and typically spend more time incubating the eggs during the 24- to 26-day 
incubation period, and providing parental care (Gross 1923; Allen and Mangels 1940). 
Young are capable of leaving the nest between 10 and 18 days after hatching to avoid 
disturbances, but do not leave the nest permanently until 29 to 34 days old (Chapman 
et al. 1981; Tremblay and Ellison 1979; as cited in Hothem et al. 2010). Chicks can fly at 
about six weeks of age, although they continue to beg for food from their parents 
(Palmer 1962; as cited in Hothem et al. 2010). 

14.5 DIET 
Although black-crowned night herons feed opportunistically on a variety of 
organisms, including plant material, small mammals, reptiles, amphibians, and 
insects, the black-crowned night heron’s diet consists primarily of fish and other 
freshwater and marine organisms (Hothem et al. 2010).  

Gross (1923) studied regurgitations from black-crowned night herons in 
Massachusetts and found that their diets consisted of 80% fish and 20% marine 
invertebrates (i.e., annelids and crustaceans), insects, and unidentifiable items. The 
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main fish species identified were herring, cunner, and whiting, some of which were 
relatively large compared to the birds’ sizes (Gross 1923). Multiple studies have also 
found eels, yellow perch, and frogs in the diets of black-crowned night herons from 
New York and the District of Columbia (Chapman 1900; Bartsch 1903; both as cited in 
Gross 1923). In a diet study in Florida, black-crowned night heron were found to 
consume crayfish, small catfish, small pickerel, and dragonflies (Baynard 1912; as cited 
in Gross 1923). Numerous studies presented in Hothem et al. (2010) show that the 
black-crowned night heron diet consists of 29 to 59% fish, and when specific species 
are noted, they include catfish, pickerel, mummichog, Atlantic menhaden, and 
speckled worm eel.  

Black-crowned night herons are solitary foragers that feed mainly from dusk to dawn. 
By feeding throughout the night, they may avoid competition with day herons, which 
use the same habitat (Kushlan 1973; Watmough 1978). They do feed during the day 
over the breeding season (Williams 1979; Fasola 1984) 

The food ingestion rates of black-crowned night herons can be determined using the 
allometric equation for wading birds presented in Kushlan (1978):  

 
( ) 001.010FIR )64.0)bwlog(966.0 ×= −×  Equation 14-1 

Where: 

FIR = water ingestion rate (kg ww/day) 
bw = body weight (g) 

Empirical data on the water ingestion rates of black-crowned night heron were not 
identified from the literature; however, a general equation presented in Calder and 
Braun (1983) that is dependent on body weight can be used to estimate a water 
ingestion rate for birds:  

 
67.0bw059.0WIR ×=  Equation 14-2 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

Empirical data on incidental sediment ingestion rates were also not identified from the 
literature. The sediment ingestion rates for use in the BERA will be estimated using 
best professional judgment based on the feeding habits of black-crowned night herons; 
the rates will be derived qualitatively as a percentage of the food ingestion rates. The 
incidental sediment ingestion rate of great blue herons while feeding is assumed to be 
negligible (Sample and Suter 1994). 



 

 

 
DRAFT 

LPRSA Revised RARC Plan 
Appendix C 

October 29, 2013 
107 

 

14.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 14-1 summarizes black-crowned night heron life history information for 
parameters that will be used in the BERA. Life history parameter values will be 
selected from information presented in Table 14-1, along with site-specific LPRSA 
studies and other literature. The rationale for the selected values will be provided in 
the BERA. 

Table 14-1. Life history parameters of black-crowned night heron 

Exposure Factor Unit Valuea Source/Rationale 
Body weight (adults)  g 827 – 1,014 Gross (1923)  

Food ingestion rate  kg ww/day [10(0.966*log(bw[g])-0.64)] × 0.001 Kushlan (1978) 

Incidental sediment 
ingestion % dw nac nac 

Water ingestion rate L/day 0.059 x bw (kg)0.67 Calder and Braun (1983) 

Invertebrate/insect diet 
proportion % 20 Gross (1923) 

Fish diet proportion % 
29 – 59 Hothem et al. (2010) 

80 Gross (1923) 

Home range km nab nab 

LPRSA seasonal use na spring, summer, fall Ludwig et al. (2010); Windward 
(2011a, [in prep]-a) 

a Empirical data are provided, where available, from the literature.  
b Home range data are not available for black-crowned night heron.  
c Empirical data on incidental sediment ingestion rates are not available for black-crowned night heron. Sediment 

ingestion rates for use in the BERA will be selected based on qualitative feeding habitats of black-crowned 
night heron. 

bw – body weight 
dw – dry weight 
LPRSA – Lower Passaic River Study Area 
na – not available 
ww – wet weight 
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15 Belted Kingfisher (Megaceryle alcyon) 

This section presents a life history profile for the belted kingfisher (Megaceryle alcyon). 
Information presented in this species-specific life history profile, along with 
site-specific results of the LPRSA biological surveys and other literature, will be used 
to inform the selection of exposure parameters and exposure areas for use in the 
BERA. 

15.1 SIGNIFICANCE AND USE 
Belted kingfishers belong to the family Alcedinidae. They are one of the most 
widespread land birds in North America (Kelly et al. 2009) and a resident nesting 
species on the LPR (Baron 2011). The belted kingfisher is primarily a piscivore that 
inhabits the banks of aquatic environments, and its burrows have been identified on 
the LPR (Baron 2011; Kelly et al. 2009). Because belted kingfishers are sensitive to 
disturbances, they usually do not nest in areas with high human activity (Cornwell 
1963). 

15.2 SPECIES SIZE CLASS  
Belted kingfishers are medium-sized kingfishers, with adults ranging from 28 to 35 cm 
in length and 125 to 215 g in body weight. They have stocky bodies; large, crested 
heads; and thick bills (Kelly et al. 2009; Sibley 2003b; USEPA 1993). Males and females 
are similar in size and appearance, although females tend to be slightly larger (Salyer 
and Lagler 1946; as cited in USEPA 1993). Nestlings attain adult body weight by about 
16 days after hatching (Hamas 1981; as cited in USEPA 1993). 

15.3 HABITAT AND DISTRIBUTION 
Belted kingfishers are found throughout North America, and are also found  
year-round in New Jersey (Kelly et al. 2009). During the winter, belted kingfishers 
migrate to or stay in areas that remain ice free. Most migrating individuals live in the 
northern regions; they travel as far south as Bermuda, Panama, and the north coast of 
Venezuela. Belted kingfishers prefer to live by waters supporting fish populations; 
they favor streams, rivers, ponds, lakes, and estuaries or calm marine waters, with 
near vertical earth exposures for digging nesting burrows. Belted kingfishers migrate 
from New Jersey in mid-December and return to the area in mid-March (Bent 1940; as 
cited in USEPA 1993). They also prefer running waters with limited overgrown 
vegetation or overshadowing trees, both of which make it easier for them to see their 
prey. Availability of suitable nesting sites is likely a major factor affecting local 
abundance (Kelly et al. 2009). Kingfishers have also been known to nest away from 
water when suitable nesting sites are not available (Cornwell 1963). 
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Belted kingfishers are highly territorial; they have a home range of approximately 
0.93 km (Cornwell 1963) to 2.19 km (Bent 1940; as cited in Kelly et al. 2009) during the 
breeding season, and a generally smaller home range during the rest of the year 
(TAMS 1999). Brooks and Davis (1987) observed similar belted kingfisher territory 
sizes in Ohio and Pennsylvania, ranging between 1.0 and 2.2 km. Belted kingfishers 
are one of the only resident water birds on the LPRSA with habitat relationships that 
do not relate directly to tidal flat exposure (Ludwig et al. 2010). Using perches in 
overhanging trees, belted kingfishers forage for small fish in the water column, and 
they breed in holes in elevated soil banks that may face the waterway (Sibley 2003a). 
Although belted kingfishers preferentially select nesting sites near their foraging 
territory, nests sites can be up to a mile from the feeding territory and away from 
water (Cornwell 1963). Belted kingfishers typically require steep, un-vegetated, cut 
banks for nesting habitat, allowing for parental access and minimizing predation and 
flooding (Baron 2011). Sandy clay soil appears to be best for burrows because it is 
easily excavated (Cornwell 1963; USEPA 1993; Prose 1985). Although such habitat is 
limited in the lower 6 miles of the Passaic River (Baron 2011), areas above the lower 
6 miles have suitable habitat and may support breeding pairs (Ludwig et al. 2010). 

Ludwig et al. (2010) and BBL (2002) reported results of seasonal avian surveys 
conducted in 1999 and 2000 along a 6-mile reach, from near the mouth of the LPRSA at 
Newark Bay to the vicinity of Kearny, New Jersey. During these surveys, belted 
kingfishers were not seen in the winter, rarely seen in the spring, observed more 
frequently in the summer, and seen most frequently in the fall. Of the total number of 
belted kingfishers observed in the lower portion of the LPRSA (n = 28), most (n = 19) 
were observed in the fall; 8 belted kingfishers were observed in the summer and 1 was 
observed in the spring.  

Seasonal bird community surveys of the LPRSA were conducted in summer and fall 
2010 and winter and spring 2011, covering the 17.4-mile stretch of the LPRSA 
(Windward 2011a, [in prep]-a). During all four avian surveys, the belted kingfisher’s 
seasonal abundance was found to be consistent with the findings of Ludwig et al. 
(2010). Only three observations of belted kingfishers were made during the winter 
survey and one during the spring survey, while 74 were made during the fall survey, 
and 26 during the summer survey. During the summer 2010 survey of the LPRSA, 
belted kingfishers were observed in flight 31% of the time; of the remaining kingfisher 
observations, 89% were on trees and 6% were on man-made structures (i.e., dock, 
pilings, fence, etc), and 6% were unidentified (Windward 2011a). During the fall 2010 
avian survey in the LPRSA, belted kingfishers were observed in flight 54% of the time; 
27% were on vegetation, 16% were on man-made structures, and 4% were on the 
shoreline (Windward 2011a). During the winter 2011 avian survey in the LPRSA, 
belted kingfishers were observed only in flight, and the only belted kingfisher 
observed during the spring 2011 survey was on a tree (Windward [in prep]-a). 
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15.4 BREEDING AND REPRODUCTION 
Belted kingfishers typically breed from April through July; breeding pairs, which are 
monogamous, establish territories based on nesting and fishing opportunities 
(Woodlot 2002). The ideal nesting site is 1 to 2 m from the water and 0.5 to 1 m from 
the top of the bank, a location that provides habitat protected from rising water levels 
and predation (Bent 1940; Brooks and Davis 1987; Prose 1985). Burrows are excavated 
by the birds themselves and generally slope slightly upward to lengths of 0.9 to 1.8 m, 
and rarely to 3.0 to 4.6 m (Harrison 1975). Territories are often twice as large during 
the breeding season as during non-breeding times (USEPA 1993), when the home 
range from the nest site is 0.8 to 7.9 km (Kelly et al. 2009). Breeding density can range 
from two to six pairs per 10 km of river shoreline, but can increase with food 
availability (USEPA 1993). Breeding density studied around the Housatonic River was 
nine pairs per 25 km of river shoreline (ARCADIS 2002).  

Use of the LPRSA by belted kingfishers for active breeding has not been observed in 
recent studies; however, some data indicate that habitat suitable to support breeding 
may be available in the upper portion of the LPRSA. Based on an evaluation by 
Ludwig et al. (2010) of breeding bird survey data presented in The Birds of New Jersey 
(Walsh et al. 1999), there is no potential breeding habitat for belted kingfishers in the 
lower 6 miles (estuarine portion) of the LPRSA; however, areas above the lower 
6 miles were found to have suitable habitat that may support breeding pairs (Ludwig 
et al. 2010). In spring 2006, the USACE, New Jersey Department of Transportation 
(NJDOT), and National Oceanic and Atmospheric Administration (NOAA) conducted 
a survey of the belted kingfisher population in the entire 17.4-mile stretch of the 
LPRSA and the lower portions of several LPR tributaries (i.e., the Second, Third, and 
Saddle Rivers). The purpose of the investigation was to identify kingfisher burrows 
along the banks and riparian zones, and to characterize the suitability of available 
habitat for breeding kingfishers based on US Fish and Wildlife Service (USFWS) 
habitat suitability index models (Malcolm Pirnie et al. 2006). The study found several 
burrows in the LPRSA, but none were active and many were occupied by mammals 
(Baron 2010). Belted kingfisher breeding habitat was found to be limited in the lower 
6 miles of the LPR (Baron 2011).  

Belted kingfishers living in the northern part of their range produce only one brood 
per year, although re-nesting is possible if the first clutch is destroyed or abandoned 
before mid-June (Kelly et al. 2009). New Jersey is in the center of the belted 
kingfisher’s range, which extends well into Alaska and Canada (Kelly et al. 2009). The 
species typically lays a clutch of 5 to 8 eggs, which incubate for approximately 23 days 
(USEPA 1993; Woodlot 2002). Egg production is energetically costly for the female, as 
a clutch of 5 to 8 eggs represents from 37 to 57% of her body weight (Kelly et al. 2009). 
Both sexes incubate the eggs, although research shows that females remain with the 
eggs for more time throughout the day (White 1953; Hamas 1975; Davis 1980; Albano 
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2000). The young remain with their parents for 10 to 15 days after fledging (Salyer and 
Lagler 1946), but may stay in their natal territory even when capable of foraging for 
themselves (Kelly et al. 2009). Belted kingfishers reach sexual maturity at 1 year of age 
and can breed the following spring (Woodlot 2002). 

15.5 DIET 
The belted kingfisher’s diet consists primarily of fish, but the species has also been 
known to eat crustaceans, mollusks, insects, amphibians, reptiles, young birds, small 
mammals, and berries (Prose 1985; Kelly et al. 2009). They prefer to feed on fish found 
in shallow waters (within 60 cm of the surface) (White 1953; as cited in Kelly et al. 
2009; Salyer and Lagler 1946; as cited in Prose 1985), and prefer to use the upper 12 to 
15 cm of the water column (Prose 1985). A belted kingfisher often perches on wires, 
poles, branches, docks, or pilings to locate prey before diving and grabbing the prey 
with its bill (Sibley 2003a; Kelly et al. 2009). Fishing success depends heavily on water 
clarity, and belted kingfishers are known to leave their usual fishing grounds when 
water becomes muddy or has too many ripples (Davis 1980; as cited in Prose 1985). 

The size of a belted kingfisher’s prey ranges from 2.5 to 17.8 cm in length, but it is 
generally less than 10.2 cm (Kelly et al. 2009; Salyer and Lagler 1946; as cited in Prose 
1985). Fish longer than 12.7 cm are thought to be hard for the species to swallow 
(Salyer and Lagler 1946; as cited in Prose 1985). Parents have been observed bringing 
fish as long as 13 cm to their young (USEPA 1993). Bent (1940) and White (1953; as 
cited in Kelly et al. 2009) found that belted kingfishers took prey onto a perch, which 
they then beat the prey against before swallowing it whole, head first. Young belted 
kingfishers feed on flying insects the first four days after leaving the nest; they feed on 
crayfish for the next week, and by 18 days after fledging they can catch fish (Salyer 
and Lagler 1946; as cited in Prose 1985). 

The belted kingfisher diet varies considerably by season and location, and is 
dependent on the availability of prey within the appropriate size class (2.5 to 17.8 cm). 
Research has shown that important prey for belted kingfishers include three-spined 
stickleback, trout, mummichog, crayfish, and stoneroller (Kelly et al. 2009). Fecal 
pellets of belted kingfishers from the Canadian Maritimes have shown a variety of 
fishes, mainly stickleback and mummichog (White 1953; as cited in Kelly et al. 2009). 
Remnants collected from belted kingfisher nests along the Housatonic River contained 
prey items including minnow, sunfish, perch, and crayfish, indicating a diet of 86% 
fish and 14% crayfish (ARCADIS 2002). A study performed in Ohio stream habitats 
showed a diet consisting of 87% fish and 13% crayfish (Davis 1982; as cited in Prose 
1985). In trout streams in Michigan, a study of the belted kingfisher diet suggested that 
the majority of their food consisted of forage fish and crayfish (39 and 24%, 
respectively (Salyer and Lagler 1946; as cited in Prose 1985). Finally, in a lake study in 
Michigan, Alexander (1977) found the belted kingfisher diet to consist of 46% fish, 5% 
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crustaceans, 19% insects, 27% amphibians, 1% birds and mammals, and 2% 
unidentified items. When there are shortages of the species’ preferred foods, or when 
weather conditions make it difficult to fish (i.e., high turbidity or water), belted 
kingfishers shift to alternative foods, such as invertebrates (especially crayfish), small 
amphibians, young birds, mice, and berries (Bent 1940; as cited in Kelly et al. 2009). 

The food ingestion rate of belted kingfishers has been reported to be 0.5 g/g bw/day 
(USEPA 1993). Empirical data on the water ingestion rates of belted kingfisher were 
not identified from the literature; however, a general equation presented in Calder and 
Braun (1983) that is dependent on body weight can be used to estimate a water 
ingestion rate for birds:  

 
67.0bw059.0WIR ×=  Equation 15-1 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

Empirical data on the incidental sediment ingestion rates of belted kingfishers were 
also not available from the reviewed literature. The sediment ingestion rates for use in 
the BERA will be estimated using best professional judgment based on feeding habits; 
the rates will be derived qualitatively as a percentage of the food ingestion rates. 

15.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 15-1 summarizes belted kingfisher life history information for parameters that 
will be used in the BERA. Life history parameter values will be selected from 
information presented in Table 15-1, along with site-specific LPRSA studies and other 
literature. The rationale for the selected values will be provided in the BERA. 

Table 15-1. Life history parameters of the belted kingfisher 

Parameter Unit Valuea Source 
Body weight (adults)  g 125 – 215 USEPA (1993) 

Food ingestion rate  g/g bw-day 0.50 Alexander (1977) as cited in USEPA (1993) 

Incidental sediment ingestion  % dw nab nab 

Water ingestion rate L/day 0.059 × bw (kg)0.67 Calder and Braun (1983) 

Invertebrate diet proportion % 

14  ARCADIS (2002) 

24 Salyer and Lagler (1946) as cited in Prose 
(1985) 

13 Davis (1982) as cited in Prose (1985) 

5 Alexander (1977) 
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Table 15-1. Life history parameters of the belted kingfisher 

Parameter Unit Valuea Source 

Fish diet proportion % 

87 Davis (1982) as cited in Prose (1985) 

86 ARCADIS (2002) 

39 Salyer and Lagler (1946) as cited in Prose 
(1985) 

46 Alexander (1977)  

Other diet proportion (insects) % 19  

Alexander (1977)  
Other diet proportion 
(amphibians) % 27 

Other diet proportion (birds and 
mammals) % 1 

Home range km 0.93 – 2.19 Cornwell (1963); Bent (1940) 

LPRSA seasonal use na spring, summer, 
fall, winter 

Ludwig et al. (2010); Windward (2011a, [in 
prep]-a) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on incidental sediment ingestion rates are not available for belted kingfisher. Sediment ingestion 

rates for use in the BERA will be selected based on qualitative feeding habitats and will be very low, since 
belted kingfishers feed in the water column, primarily on the surface (White 1953; as cited in Kelly et al. 2009; 
Salyer and Lagler 1946; as cited in Prose 1985). 

BERA – baseline ecological risk assessment 
bw – body weight 
dw – dry weight 

LPRSA – Lower Passaic River Study Area  
na – not available 
USEPA – US Environmental Protection Agency 
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16 Mink (Mustela vison) 

This section presents a life history profile for mink (Mustela vison). Information 
presented in this species-specific life history profile, along with site-specific results of 
the LPRSA biological surveys and other literature, will be used in the BERA and 
site-specific bioaccumulation model as necessary. 

16.1 SIGNIFICANCE AND USE 
Mink belong to the family Mustelidae and are the most widespread carnivorous 
mammal in North America (USEPA 1993; Woodlot 2002). Mink appear to be one of the 
most sensitive mammalian species of those tested for toxicity resulting from dietary 
ingestion of polychlorinated biphenyls (PCBs) (Fuller and Hobson 1986). Mink tracks 
were found on the shoreline of the water in the LPRSA near RM 17 during the summer 
2010 avian community survey (Windward 2011a). New Jersey permits the trapping of 
furbearers, including mink, to manage habitat, monitor and control animal 
populations, protect and reintroduce endangered species, protect public and private 
property, and conduct research (NJDFW 2012). Permitting is managed with the goal of 
sustainable, consumptive use of the furbearer resource. The season for trapping mink 
in New Jersey is November 15 to March 15; it is estimated that 1,224 mink were 
captured during the 2011 season. 

16.2 SPECIES SIZE CLASS  
Mink are mid-sized, semi-aquatic mammals, with males being heavier and slightly 
longer than females (Lariviere 1999). Body size and length vary depending on location 
and habitat quality (USEPA 1993). Adult mink range from 30 to 43 cm in length; males 
generally weigh from 630 to 1,233 g and females from 533 to 586 g (USEPA 1993; 
Whitaker and Hamilton 1998). A mink has a long body with short legs, a long neck, 
and a tail that typically equals about one-third of its total body length (USEPA 1993; 
Woodlot 2002). Female adult body weight is reached at approximately 4 months of 
age, while male adult body weight is reached between 9 and 11 months of age 
(Mitchell 1961). 

16.3 HABITAT AND DISTRIBUTION 
Mink are found throughout most of the United States and Canada, including New 
Jersey. They live near rivers, lakes, streams, swamps, marshes, marine shores, and 
backwater areas, using both freshwater and brackish habitats (Allen 1986; USEPA 
1993). Mink are tolerant of human activity and will inhabit areas with such activity as 
long as there is an adequate food source, but they may change home ranges more 
regularly under these circumstances (Allen 1986). Mink are common in New Jersey 
(NJDFW 2011), although the extent of their presence in the LPRSA is unknown. 
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In various studies in Canada and the United States, the majority of mink activity was 
within 3 to 200 m of the water’s edge. Mink may use upland habitat if there is 
sufficient cover and prey availability (Burgess 1978; Allen 1986; Woodlot 2002). Mink 
use of upland habitat is generally restricted to use of dens, or to travel between dens 
for cover (Allen 1986). Their habitat preference shifts with the seasons from wetlands 
to waters that remain permanently open; they need surface waters at least nine 
months of the year for foraging and prey accessibility (Humphrey and Zinn 1982; 
Allen 1986; Melquist 1997). Mink live in dens under roots, in logjams, in rock piles, 
under branches or debris, and in the abandoned burrows of other animals (Eagle and 
Sargeant 1985; Lariviere 1999). They typically have multiple den sites throughout their 
home range, which provide isolation, shelter, and litter rearing habitat (Allen 1986). 

Even though mink do not migrate, they will travel long distances between den sites or 
foraging locations (Whitaker and Hamilton 1998). Home range distances vary for mink 
depending on sex, habitat type, and season. Females usually have smaller home 
ranges than males, and male and female territories can overlap without conflict (Eagle 
and Whitman 1987; as cited in USEPA 1993; Woodlot 2002). With adequate and 
sustainable food sources, a male mink’s home range is generally restricted to 2.5 to 
5.5 km of shoreline, and a female’s range covers 0.5 to 3 km of shoreline (Environment 
Canada 2003). Mitchell (1961; as cited in USEPA 1993) reports riverine home ranges for 
two adult females of 0.078 and 0.204 km2 in densely and sparsely vegetated habitats, 
respectively. 

16.4 BREEDING AND REPRODUCTION 
Mink typically breed from late winter through early spring, with peak breeding 
activity being in March (USEPA 1993; Whitaker and Hamilton 1998). In female mink, 
ovulation is induced by mating, and implantation is delayed from 9 to 46 days. 
Gestation ranges from 40 to 75 days, and actual embryonic development and growth 
last 1 month (Svihla 1931; USEPA 1993; Whitaker and Hamilton 1998; Lariviere 1999). 
Litter sizes range from 1 to 10 young, the average being 4 or 5; young weigh about 6 g 
at birth (Mitchell 1961; Lariviere 1999; Bonesi et al. 2007; Woodlot 2002). As females 
age, litter size increases (Lariviere 1999; as cited in Woodlot 2002). Young are weaned 
at about 4 to 5 weeks of age and can hunt for themselves at about 8 weeks (Svihla 1931; 
Whitaker and Hamilton 1998). Juveniles reach sexual maturity at 10 months of age and 
females can mate when 1 year old (Mitchell 1961; USEPA 1993). Dispersal distances of 
juveniles ranges from 10 to 20 km (Bonesi et al. 2007). Monthly kit and juvenile 
mortality (natural or by trapping) ranges from 12 to 26% in North American and 
European mink (Bonesi et al. 2007). 

16.5 DIET 
Mink are carnivores and their diet is influenced by location, habitat, season, and prey 
availability (Burgess 1978). Mink are opportunistic feeders, eating fish, crayfish, 
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waterfowl, amphibians, aquatic invertebrates, and mammals. Data on dietary studies 
of mink indicate that both aquatic and terrestrial prey species preference and the 
proportion of diet derived from aquatic or terrestrial habitat are site- and 
season-specific. For example, in a study conducted in Quebec, crayfish were more 
important to mink in the summer, whereas terrestrial prey were more important later 
in the season (Burgess 1978). In an Idaho study, 93 to 100% of the mink’s diet was fish 
regardless of season (Melquist 1997). 

During the waterfowl breeding season in North Dakota, the mink’s diet shifts to 
include mainly birds (Eberhardt and Sargeant 1977; Arnold and Fritzell 1990). In the 
summer, crayfish are an important prey item, and in the fall and winter, terrestrial 
mammals, including rabbits, mice, and muskrats, are more important (Burgess 1978; 
Allen 1986).  

Mink living near streams in Alberta fed more often on mammals, whereas those in 
lake habitats consumed more fish, birds, and insects (Gilbert and Nancekivell 1982). 
Scat analysis from the Alberta study showed that mink consume brook stickleback, 
northern pike, white sucker, grayling, lake whitefish, and salmonids (Gilbert and 
Nancekivell 1982). Results of a scat analysis from mink in Idaho showed that their diet 
consisted of 83 to 100% fish, including cyprinids, mottled sculpin, and salmonids 
ranging in size from 7 to 30 cm in length (Melquist 1997). Based on stomach contents, 
Alexander (1977; as cited in USEPA 1993) found that mink that fed along a river 
habitat had a diet composed of 85% fish, 4% crustaceans, 3% amphibians, 6% birds, 
and 2% vegetation and unidentified prey items. Hamilton (1936, 1940; as cited in 
TAMS 1999) also conducted multiple analyses of mink diet in New York. In the 
winter, mink from throughout New York had diets consisting of 54% mammals, 19% 
fish, 17% crayfish, 2% amphibians, and 7% insects (Hamilton 1936, 1940; as cited in 
TAMS 1999). He also found that in the summer, mink from a wetland in New York 
had diets consisting of 43% mammals, 27% fish, 14% aquatic invertebrates, 9% birds, 
and 5% reptiles and amphibians (Hamilton 1940; as cited in TAMS 1999). 

Although mink are sometimes active during the day, they are primarily nocturnal 
hunters (USEPA 1993). Mink may hunt prey from the shoreline when water levels are 
higher, but hunt in deeper habitat when water levels are lower (Proulx et al. 1987). 
Because female mink are smaller than males, they tend to prey on smaller items and 
more aquatic species, including fish, crustaceans, and birds; males can prey on larger 
mammals and fish (Birks and Dunstone 1984).  

Farm-raised female and male mink have been found to ingest approximately 16 and 
12% of their body weight on a wet weight basis, respectively, based on studies by 
Bleavins and Aulerich (1981; as presented in USEPA 1993) in Michigan. Food ingestion 
rates for mink may also be estimated using the following allometric equation for 
carnivorous mammals from Nagy (2001): 
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 864.0bw102.0FIR ×=  Equation 16-1 

Where: 

FIR = food ingestion rate (g dry weight [dw]/day) 
bw = body weight (g) 

Incidental sediment and water ingestion rates were not available from the reviewed 
literature. Sediment ingestion rates for use in the BERA will be estimated using best 
professional judgment based on the feeding habits of mink; the rates will be derived 
qualitatively as a percentage of the food ingestion rates.  

A general equation presented in Calder and Braun (1983) that is dependent on body 
weight can be used to estimate a water ingestion rate for mammals:  

 
90.0bw099.0WIR ×=  Equation16-2 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

16.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 16-1 summarizes mink life history information for parameters that will be used 
in the BERA. Life history parameter values will be selected from information 
presented in Table 16-1, along with site-specific LPRSA studies and other literature. 
The rationale for the selected values will be provided in the BERA. 

Table 16-1. Life history parameters of mink 

Parameter Unit Valuea Source/Rationale 
Body weight (adults)  g 550 – 1,233 Whitaker and Hamilton (1998); USEPA (1993) 

Food ingestion rate  
% bw/day 12 – 16 Bleavins and Aulerich (1981), as presented in 

USEPA (1993) 

g dw/day 0.102 × bw (g)0.864 Nagy (2001) 

Incidental sediment ingestion  % dw nab nab 

Water ingestion rate L/day 0.099 x bw (kg)0.90 Calder and Braun (1983) 

Invertebrate diet proportion 
(aquatic invertebrates, insects) % 

4 Alexander (1977) as cited in USEPA (1993) 

14 – 24 Hamilton (1936, 1940) as cited in TAMS 
(1999) 

Fish diet proportion % 
85 Alexander (1977) as cited in USEPA (1993) 

19 – 27 Hamilton (1936, 1940) as cited in TAMS 
(1999) 
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Table 16-1. Life history parameters of mink 

Parameter Unit Valuea Source/Rationale 
Other diet proportions 
(vegetation and unidentified 
prey items) 

% 2  Alexander (1977) as cited in USEPA (1993) 

Other diet proportions 
(amphibians, reptiles, birds, and 
mammals) 

% 
9 Alexander (1977) as cited in USEPA (1993) 

56 – 57  Hamilton (1936, 1940) as cited in TAMS 
(1999) 

Home range km 
ha 

0.5 – 5.5 Environment Canada (2003) 

7.8 – 20.4 Mitchell (1961) as cited in USEPA (1993) 

LPRSA seasonal use na unknownc 
limited habitat; presence of mink noted in 
summer during avian survey (Windward 
2011a) 

a Empirical data are provided, where available, from the literature.  
b Empirical data on incidental sediment ingestion rates of mink were not available from the reviewed literature. 

Sediment ingestion rates for use in the BERA will be estimated using best professional judgment based on the 
benthic feeding habits of mink. Alternatively, incidental soil ingestion rates for a surrogate species, such as 
raccoon (9.4% incidental soil ingestion (Beyer et al. 1994)) may be used.  

c Presence of mink in the LPRSA was confirmed by tracks observed.  
BERA – baseline ecological risk assessment 
bw – body weight 
dw – dry weight 

LPRSA – Lower Passaic River Study Area 
na – not available 
USEPA – US Environmental Protection Agency 
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17 Northern River Otter (Lontra canadensis) 

This section presents a life history profile for the northern river otter 
(Lontra canadensis). Species-specific life history profiles like this one will be used to 
select exposure parameters (i.e., body weight, food ingestion rate, incidental sediment 
ingestion rate, water ingestion rate, site use factor, and dietary prey composition and 
portions), and to inform the selection of exposure areas for use in the BERA.  

17.1 SIGNIFICANCE AND USE 
Northern river otters belong to the family Mustelidae and are piscivorous and 
carnivorous feeders (Woodlot 2002). They prefer areas with limited human impact and 
activity and non-polluted waterways (USEPA 1993). New Jersey permits the trapping 
of furbearers, including river otter, to manage habitat, monitor and control animal 
populations, protect and reintroduce endangered species, protect public and private 
property, and to conduct research (NJDFW 2012). Permitting is managed with the goal 
of sustainable, consumptive use of the furbearer resource. The period for trapping 
northern river otter during the most recent season was December 26, 2011, to February 
9, 2012; it is estimated that 51 river otter were captured during the 2011 season 
(NJDFW 2012). River otters are common in New Jersey (NJDFW 2011), although their 
presence in the LPRSA has not been documented.  

17.2 SPECIES SIZE CLASS  
Northern river otters are large, aquatically adapted mammals, with males being 
heavier and longer than females (USEPA 1993; Woodlot 2002). Adult river otters range 
from 66 to 76 cm in length with a 30- to 43-cm-long tail; males weigh 5 to 11 kg and 
females 4 to 8 kg. A river otter has a long body with short legs, a long neck, and a tail 
that typically equals about one-third of its total body length. Adult body weight is not 
reached until after sexual maturity at 2 years of age (Melquist and Hornocker 1983). 

17.3 HABITAT AND DISTRIBUTION 
Although river otters are still found throughout the United States and Canada, 
distribution declined significantly in the early 1800s. Today, river otters are typically 
found near coastal shores, lakes, streams, rivers, and marshes, using both freshwater 
and brackish habitats (Melquist and Hornocker 1983; USEPA 1993; Woodlot 2002). 
They prefer areas with limited human impact and activity and select habitats with 
ample prey and forage availability (USEPA 1993; Woodlot 2002). Limited studies 
regarding the distribution and habitat preferences of river otters in the New Jersey 
region are available. Studies in New England and Massachusetts have shown river 
otters to favor riverine, paludal, and lacustrine wetland systems, but also to use 
marshes and estuaries (Woodlot 2002). In a study in Maine, river otters preferred 
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habitat with beaver flowages (Dubuc et al. 1990). These areas provided a consistent 
food source in the summer, cover, resting and den sites, stable water levels, and low 
levels of human disturbance (Dubuc et al. 1990). River otters live in dens dug and 
abandoned by other animals, such as muskrat and beaver, or in burrows under roots, 
hollow logs, or logjams (EPA 1993; Melquist and Hornocker 1983). They typically have 
multiple den sites throughout their home range, which provide isolation and 
protection (Melquist and Hornocker 1983).  

Even though river otters do not migrate, they do disperse and explore their home 
ranges, traveling up to 42 km a day; they also travel around different foraging 
locations throughout the year (Woodlot 2002). However, travel on this scale is atypical 
for the species and is limited to periods of dispersal and exploration of new areas. 
Home range distances vary for river otters depending on sex and season. Females 
usually have smaller home ranges than males (DeGraaf and Yamasaki 2001). Melquist 
and Dronkert (1987) found that river otters’ home ranges needed to include enough 
area for reproduction, foraging, and shelter, and that range shapes varied by habitat 
type. The New York Department of Environmental Conservation reported home 
ranges of 1.4 to 22.5 km long, with an individual average of 10 km (Spinola et al. 1999). 
Although river otters maintain distinct territories, overlapping does occur frequently, 
especially during peak prey abundances; the species tends to minimize confrontations 
by mutual avoidance (Melquist and Hornocker 1983).  

17.4 BREEDING AND REPRODUCTION 
River otters typically breed from late winter through early spring, and males may 
mate with more than one female (USEPA 1993; Woodlot 2002). River otters mate soon 
after pups are born, but implantation is delayed for up to 10 months, and actual 
embryonic development and growth last 2 months (Hamilton and Eadie 1964; 
Melquist and Hornocker 1983; Melquist and Dronkert 1987). Litter sizes range from 1 
to 6 pups, the average being 2 to 4, and the fully furred pups weigh about 275 g at 
birth (Woodlot 2002). Weaning occurs around three to five months of age, and pups 
stay with their mothers for five to seven months more before separating (Liers 1951). 
Juveniles can start breeding around 2 years of age, but males are usually less 
successful at breeding until they are 5 years old (Nebraska Game and Parks 
Commission 2000). 

17.5 DIET 
River otters occupy the upper trophic level, and their diet consists primarily of fish, 
although they are opportunistic feeders known to eat crayfish, amphibians, aquatic 
invertebrates, birds, reptiles, and mammals (Knudsen and Hale 1968; Toweill 1974; 
Melquist and Hornocker 1983). The amount of fish and other aquatic animals river 
otters consume depends on availability and abundance, size class of predator and 
prey, and swimming ability (Melquist and Hornocker 1983). Boyle (2006) report that 
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northern river otters do not appear to be selective when fishing and generally take the 
most available fish—usually slower species such as suckers, carp, and catfish. Sheldon 
and Toll (1964) found that availability also was affected by the time of day the otters 
fed, fish spawning periods, fishing methods, and the effects of ice in winter. 

Through scat analysis (which may underestimate the portion of shellfish soft tissue 
consumed by river otters), Melquist and Hornocker (1983) found that river otters 
living in Idaho fed on salmonids, mountain whitefish, large-scale suckers, mottled 
sculpin, bullheads, perch, waterfowl, and muskrats. Sheldon and Toll (1964) analyzed 
scat in Massachusetts and identified the primary prey as centrarchids, yellow perch, 
white suckers, golden shiners, and crayfish. The chief prey items found in the stomach 
contents of river otters in eastern Arkansas were centrarchidae (primarily sunfishes), 
catostomidae (i.e., suckers), clupeidae (primarily gizzard shad), and crayfish 
(Tumlison et al. 1986). The same study found the following proportions of prey 
ingested by river otters: 71.2% fish, 18.3 % crayfish, 2.9% amphibians, 1.9% reptiles, 
1.9% birds, 1% insects, 1% mammals, and 1% mollusks. Larsen (1984) reported the 
following proportions of prey ingested by river otters in southeastern Alaska: 86% 
fish, 10% crabs, 2% invertebrates other than crabs, 1% birds, and 1% mammals and 
plant material.  

River otters are most active in the evening and from dawn to mid-morning, and 
sometimes hunt cooperatively to drive fish together (Melquist and Hornocker 1983; 
Boyle 2006). They may hunt prey from the shoreline or logjams in slow-moving 
waters, or underwater in murky waters, where they use their whiskers to locate prey 
(Melquist and Hornocker 1983; Nebraska Game and Parks Commission 2000). When a 
river otter locates its prey, it quickly lunges into the water and, after a short pursuit, 
catches the fish with its teeth (Park 1971; as cited in Boyle 2006). Another hunting 
technique used by river otters is to drive fish into inlets or corners, making them easier 
to catch (River Otter Preservation Society 2004). As for invertebrates, river otters probe 
the bottoms of streams and ponds (Liers 1951). The fish that river otters prey upon 
range from 2 to 50 cm in length, averaging around 30 cm for fish ingested by adult 
otters (Melquist and Hornocker 1983; Woodlot 2002). 

Food ingestion rates specific to river otters are not available from the reviewed 
literature; however, the following allometric equation for carnivorous mammals from 
Nagy (2001) can be used to estimate river otter feeding rates: 

 864.0bw102.0FIR ×=  Equation 17-1 

Where: 

FIR = food ingestion rate (g dry weight [dw]/day) 
bw = body weight (g) 
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Incidental sediment and water ingestion rates were also not available from the 
reviewed literature. The sediment ingestion rates for use in the BERA will be 
estimated using best professional judgment based on the feeding habits of river otter; 
the rates will be derived qualitatively as a percentage of the food ingestion rates. A 
general equation presented in Calder and Braun (1983) that is dependent on body 
weight can be used to estimate a water ingestion rate for mammals:  

 
90.0bw099.0WIR ×=  Equation 17-2 

Where: 

WIR = water ingestion rate (L/day) 
bw = body weight (kg) 

17.6 SUMMARY OF LIFE HISTORY PARAMETERS 
Table 17-1 summarizes river otter life history information for parameters that will be 
used in the BERA. Exposure parameters for use in the BERA will be selected using this 
range of information. A single value for each parameter will be selected. This value 
will best represent the values of those species present in the LPRSA, and of reasonable 
exposure within the LPRSA. A range of values will also be evaluated in the BERA to 
determine the effects of varying exposure parameters on risk estimates. The rationale 
for the selected values will be provided in the BERA. 

Table 17-1. Life history parameters of river otters 

Parameter Unit Valuea Source/Rationale 
Body weight (adults)  kg 4.74 – 15 USEPA (1993) 

Food ingestion rate  g dw/day 0.102 × bw (g)0.864 Nagy (2001) 

Incidental sediment ingestion  % dw nab nab 

Water ingestion rate L/day 0.099 x bw (kg)0.90 Calder and Braun (1983) 

Invertebrate diet proportion  % 12 

Larsen (1984) Fish diet proportion  % 86 

Other diet proportion (birds, 
mammals, plant material) % 2 

Home range mi 
0.9 – 14 Spinola et al. (1999) 

≤ 26 Woodlot (2002) 

LPRSA seasonal use na unknown limited habitat and no confirmed 
presence to date 

a Empirical data are provided, where available, from the literature.  
b Empirical data on incidental sediment ingestion rates of river otters were not available from the reviewed 

literature. Sediment ingestion rates for use in the BERA will be estimated using best professional judgment 
based on the feeding habits of river otters. 

BERA – baseline ecological risk assessment LPRSA – Lower Passaic River Study Area 
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bw – body weight 
dw – dry weight 

na – not available 
USEPA – US Environmental Protection Agency 
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APPENDIX D. RAGS PART D TABLES PROVIDED 

BY USEPA REGION 2, VALUES AND EQUATIONS 

USED FOR DAILY INTAKE CALCULATIONS  
  



TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

Current/Future Biota Tissue Fish Tissue Angler Child (1 to 6 years 
old) Ingestion Quantitative

Adolescent (7 to 18 
years old)

Ingestion Quantitative

Adult (>18 years 
old)

Ingestion Quantitative

Crab/shellfish 
Tissue

Angler Child (1 to 6 years 
old)

Ingestion Quantitative

Adolescent (7 to 18 
years old)

Ingestion Quantitative

Adult (>18 years 
old)

Ingestion Quantitative

Turtles, ducks, 
etc.

Angler Child (1 to 6 years 
old)

Ingestion Qualitative

Adolescent (7 to 18 
years old)

Ingestion Qualitative

Adult (>18 years 
old)

Ingestion Qualitative

Fish/crab/other 
species

Fish/crab/other 
species

Transient 
Person

Multiple ages Ingestion Qualitative Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Sediment Angler Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Adult (>18 years 
old)

Angler may contact sediment while fishing or crabbing from the 
river bank. Assumes that young children (1 to 6 years) would not 
typically accompany adult anglers due to safety concerns. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present.

Adolescent (7 to 18 
years old)

Note: River 
segments may be 
defined following 
review of data

Site-related contaminants have been detected in fish. Studies 
have found that despite Fish Advisories, individuals do fish in the 
study area. Assumes receptor will consume fish caught from 
Passaic River and share it with family members.

Site-related contaminants have been detected in crabs/shellfish. 
Studies have found that despite Fish Advisories, individuals do 
collect crabs from the study area. Assumes receptor will 
consume crabs/shellfish gathered from Passaic River and share 
them with family members.

Limited data; ingestion of animals other than Passaic River 
fish/crabs likely to be minimal.

Fish from 17-mile 
stretch of Passaic 

River

Crabs from 17-
mile stretch of 
Passaic River

Other species 
from 17-mile 

stretch of Passaic 
River

17-mile stretch of 
Passaic River

River Sediment, 
Mudflat 

Sediment (1)
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

        
           
         

       

   
   

Current/Future Sediment Swimmer Incidental Ingestion Quantitative

(continued) Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Wader Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Adult (>18 years 
ld)

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Boater Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Worker Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Workers may be tasked with collecting shoreline trash or other 
work that leads to contact with sediment along the river. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present. Contact with surface water is not typically 

t d t  

Note: River 
segments may be 
defined following 
review of data

Adult (>18 years 
old)

Adult (>18 years 
old)

Adolescent (7 to 18 
years old)

Families visiting riverside parks may contact sediment along the 
river. Inhalation may occur if activities are in mudflat areas and 
volatiles are present.

Child (1 to 6 years 
old)

Older child (7 to 13 
years old)

Adult (>18 years 
old)

Child (1 to 6 years 
old)

Recreational boating is included in the designated uses of the 
Passaic River throughout the study area (FW2-NT, SE2, SE3) 

(2), and could include kayaking, canoeing, rowing/sculling. Eight 
high school sculling teams and two boating clubs use the river for 

rowing. Children (ages 7 to 13 years) may also participate in 
recreational boating. Docks are typically used, but boaters may 
occasionally contact sediment when a boat flips and wading is 

necessary. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

17-mile stretch of 
Passaic River

River Sediment, 
Mudflat 

Sediment (1) 

Teen (14 to 18 
years old)

Adolescent (7 to 18 
years old)

Swimming is included in the designated uses of the freshwater 
portion of the river from the confluence with Second River to 
Dundee Dam (i.e., RM 8 to RM 17) (FW2-NT) (2). Swimming 
could also occur in other portions of the river. Swimmers may 
contact sediment while entering and leaving the river and while 
swimming. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

A Page 2 of 32 12/3/2020



TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

        
           
         

       

   
   

Current/Future Sediment Resident Incidental Ingestion Qualitative

(continued) Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Suface Water Suface Water Angler Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Swimmer Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Angler may contact surface water while fishing or crabbing from 
the river bank. Assumes that young children (1 to 6 years) would 
not typically accompany adult anglers due to safety concerns. 
Inhalation may occur if volatiles are present.

Residential properties are located adjacent to the river, 
especially above RM 10. Residents may contact river sediment 
during activities near their homes. Potential risks will be 
addressed qualitatively.

Swimming is included in the designated uses of the freshwater 
portion of the river from the confluence with Second River to 
Dundee Dam (i.e., RM 8 to RM 17) (FW2-NT) (2). Swimming 
could also occur in other portions of the river. Swimmers may 
contact surface water while swimming. Inhalation may occur if 
volatiles are present.

Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Adult (>18 years 
old)

Adolescent (7 to 18 
years old)

Note: River 
segments may be 
defined following 
review of data

River Sediment, 
Mudflat 

Sediment (1) 

17-mile stretch of 
Passaic River 

17-mile stretch of 
Passaic River

Transient 
Person

Child (1 to 6 years 
old)

Adult (>18 years 
old)

Adolescent (7 to 18 
years old)

Multiple ages

Adult (>18 years 
old)

Child (1 to 6 years 
old)
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

        
           
         

       

   
   

Current/Future Suface Water Suface Water Wader Incidental Ingestion Quantitative

(continued) Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Boater Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Resident Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

RM = River Mile
(1) River sediment is defined as nearshore sediment under 2 feet of water or less at mean low water. 
(2) NJAC 7:9B Surface Water Quality Standards classification for the Passaic River:

Recreational boating is included in the designated uses of the 
Passaic River throughout the study area (FW2-NT, SE2, SE3) 
(2), and could include kayaking, canoeing, rowing/sculling. Eight 
high school sculling teams and two boating clubs use the river for 
rowing.  Children (ages 7 to 13 years) may also participate in 
recreational boating. Boaters may contact surface water while 
boating and occasionally when entering or leaving their crafts. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present.

  - Second River to Dundee Dam (RM 8 to RM 17) is classified as freshwater 2 non-trout (FW2-NT) and saline-estuarine 2 (SE2). Designated use for FW2-NT and SE2 water includes secondary contact recreation 
(e.g., boating and fishing). Designated use for FW2-NT water also includes primary contact recreation: recreational activities that involve significant ingestion risks and includes, but is not limited to, wading, swimming, 
diving, surfing, and water skiing.

Transient 
Person

Multiple ages

Residential properties are located adjacent to the river, 
especially above RM 10. Surface water from the river is not used 
as a domestic water supply. Residents may contact surface 
water during activities near their homes. Potential risks will be 
addressed qualitatively.

Families visiting riverside parks may contact surface water along 
the river. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

Child (1 to 6 years 
old)

  - Mouth of river to Second River (RM 0 to RM 8) is classified as saline-estuarine 3 (SE3). Designated use for SE3 water includes secondary contact recreation: recreational activities where the probability of water 
ingestion is minimal and includes, but is not limited to, boating and fishing.

Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Older child (7 to 13 
years old)

Adult (>18 years 
old)

Adult (>18 years 
old)

Teen (14 to 18 
years old)

Adult (>18 years 
old)

Note: River 
segments may be 
defined following 
review of data

Adolescent (7 to 18 
years old)

17-mile stretch of 
Passaic River

Child (1 to 6 years 
old)
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TABLE 4-1
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Fish tissue

Exposure Medium: Fish tissue

Value Rationale/ Reference Value Rationale/ Reference

Ingestion Angler Child Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 11.5 1/3 the adult ingestion rate (EPA 
1997)

1.3 1/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
d   

365 Fish ingestion rate already averaged 
  ED Exposure Duration years 6 EPA default (EPA 1991) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (years) x 365 days/year 1,095 ED (years) x 365 days/year

Adolescent Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 23.1 2/3 the adult ingestion rate (EPA 
1997)

2.6 2/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
averaged over one year

365 Fish ingestion rate already averaged 
over one year

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (years) x 365 days/year 2,190 ED (years) x 365 days/year

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME
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TABLE 4-1
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Fish tissue

Exposure Medium: Fish tissue

Value Rationale/ Reference Value Rationale/ Reference

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME

Ingestion Angler Adult Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 34.6 Average of 90th percentile 
estimates for consumers from EPA 
Region 2 reanalysis of Burger 2002 

(37.3 g/day) and Connelly et al. 
1992 (32 g/day) 

3.9 Average of 50th percentile for 
consumers from EPA Region 2 

reanalysis of Burger 2002 (3.7 g/day) 
and 50th percentile from Connelly et 

al. 1992 (4 g/day)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in Fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
averaged over one year

365 Fish ingestion rate already averaged 
over one year

ED Exposure Duration years 24 EPA 1989, 1991 (2) 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (years) x 365 days/year 3,285 ED (years) x 365 days/year

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

(1) Based on age group of receptor

(2) Based on standard default of 30 years upper bound residential tenure at one location, minus the years spent as young child

Sources:

  Burger 2002: Consumption Patterns and Why People Fish. Environmental Research . Section A 90, 125-135

  Connelly et al. 1992:  Effects of the Health Advisory and Advisory Changes on Fishing Habits and Fish Consumption in New York Fisheries.  Human Dimension Research Unit, Dept of Natural Resources, 

       NYS College of Agriculture and Life Sciences, Cornell University, Ithaca, NY.

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2000: Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories. Volume 2: Risk Assessment and Fish Consumption Limits - Third Edition. Appendix C. EPA 823-B-00-008.

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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TABLE 4-2
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Crab tissue

Exposure Medium: Crab tissue

Value Rationale/ Reference Value Rationale/ Reference

Ingestion Angler Child Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 7 1/3 the adult ingestion rate (EPA 
1997)

1 1/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains in 
crab

chemical-specific chemical-specific

EF Exposure Frequency days/year 365 Crab ingestion rate already averaged 
over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 6 EPA default (EPA 1991) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 14 2/3 the adult ingestion rate (EPA 
1997)

2 2/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains in 
crab

chemical-specific chemical-specific

EF Exposure Frequency days/year 365 Crab ingestion rate already averaged 
over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME
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TABLE 4-2
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Crab tissue

Exposure Medium: Crab tissue

Value Rationale/ Reference Value Rationale/ Reference

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME

Ingestion Angler Adult Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 21 90th percentile estimate for 
consumers from Burger 2002 (3)

3 Mean for consumers from Burger 
2002 (3)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains in 
crab

chemical-specific chemical-specific

EF Exposure Frequency days/year 365 Crab ingestion rate already averaged 
over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 24 EPA 1989, 1991 (2) 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males 
and females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

(1) Based on age group of receptor

(2) Based on standard default of 30 years upper bound residential tenure at one location, minus the years spent as young child

(3) EPA Region 2 reanalysis of Burger (2002) using site-specific edible crab tissue weight of 45 g.

Sources:

  Burger 2002: Consumption Patterns and Why People Fish. Environmental Research . Section A 90, 125-135

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Incidental Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 100 50% of the default residential child 
soil IR (EPA 1991)

50 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Swimmer Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 100 50% of the default residential child 
soil IR (EPA 1991)

50 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Wader Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 13 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential child 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Boater Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (14 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 EPA 1991 25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 50 1 day/week, 50 weeks/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 9,125 ED (year) x 365 days/year 2,555 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-<7 
year old: hands, lower legs, forearms, 

feet, and face (EPA 2008)

2,500 Mean value for male/female 1-<7 
year old: hands, lower legs, 

forearms, feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 year 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 
year old: hands, lower legs, 

forearms, feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (7 to 13year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 4,400 Mean value for male/female 7-13 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

4,400 Mean value for male/female 7-13 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Ave male/female 50th percentile: 
hands, forearms, and face (USEPA 

1997)

2,500 Ave male/female 50th percentile: 
hands, forearms, and face (USEPA 

1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.2 50th percentile surface area weighted 
soil adherence data for children 
playing in wet soil (EPA 2004)

0.2 50th percentile surface area 
weighted soil adherence data for 
children playing in wet soil (EPA 

2004)
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Ave male/female 50th percentile: 
hands, forearms, and face (EPA 

1997)

2,500 Ave male/female 50th percentile: 
hands, forearms, and face (EPA 

1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 3,300 face, forearms, hands (EPA 2002) 3,300 face, forearms, hands (EPA 2002) EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 50 1 day/week, 50 wks/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 9,125 ED (year) x 365 days/year 2,555 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Exposure Concentration (EC) (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(continued) (1 to 6 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(continued) (1 to 6 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(continued) (7 to 13 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 61,320 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(14 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 43,800 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day

Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 8.0 (2) 4.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 50 1 day/week, 50 wk/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 219,000 ED (year) x 365 days/year x 24 
hrs/day

61,320 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure; EC = Exposure Concentration

(1) Based on age group of receptor

(2) Professional judgment

Sources:

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

Ingestion Angler Adolescent CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x ET x EF x ED 

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008 x 1/BW x 1/AT

ET Exposure Time hours/day

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/g chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Swimmer Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.05 EPA 2008 0.05 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.05 EPA 2008 0.05 EPA 2008

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Surface Water

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Ingestion Swimmer Adult CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.05 EPA 2008 0.05 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Wader Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Ingestion Boater Older Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (7 to 13 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Teen Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x CF2 x IR-W x EF x ED 

CF2 Conversion Factor 2 hours/day 24 -- 24 -- x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/hour 0.025 EPA 2008 0.025 EPA 2008

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Angler Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Swimmer Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,600 EPA 2004 6,600 EPA 2004 1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 14,800 Mean value for male/female 7-18 yrs 
(EPA 2008)

14,800 Mean value for male/female 7-18 yrs (EPA 
2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 18,000 Average male/female 50th percentile 
(USEPA 1997, 2004)

18,000 Ave male/female 50th percentile (USEPA 
1997, 2004)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Wader Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 yr 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 yr old: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Boater Older Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (7 to 13 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 4,400 Mean value for male/female 7-13 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

4,400 Mean value for male/female 7-13 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Teen Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 2,500 Ave male/female 50th percentile: 
hands, forearms, and face (USEPA 

1997)

2,500 Ave male/female 50th percentile: hands, 
forearms, and face (USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 2,500 Ave male/female 50th percentile: 
hands, forearms, and face (USEPA 

1997)

2,500 Ave male/female 50th percentile: hands, 
forearms, and face (USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Angler Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific Exposure Concentration (EC) (µg/m3) =
(7 to 18 yr) Vapors ET Exposure Time hrs/day 4.00 (2) 2.00 (2) CA x  ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 4.00 (2) 2.00 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

Swimmer Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(1 to 6 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 18 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Wader Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(continued) (1 to 6 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 18 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

Boater Older Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 13 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 61,320 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Teen Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(14 to 18 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 43,800 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Boater Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(continued) (>18 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

RME = Reasonable Maximum Exposure.

CTE = Central Tendency Exposure
(1) Based on age group of receptor

(2) Professional judgement

(3) Based on information provided by rowing clubs that use the Passaic River

Sources:

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 2002: Supplemental Guidance Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment. EPA/540/R/99/005
  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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1 Introduction 

As outlined in the Revised Draft Risk Analysis and Risk Characterization (RARC) Plan, 
the evaluation of the ambient (outdoor) air inhalation pathway will be a tiered process, 
where the potential for risk is first identified through conservative screening to 
determine if more refined estimation of ambient air exposure point concentrations is 
necessary. The evaluation of the inhalation pathway will be performed for chemicals 
identified as COPCs in mudflat sediment and surface water. The tiered approach is 
outlined below. 
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2 Tier 1—Screening Assessment 

2.1 MUDFLAT SEDIMENT 
The screening assessment for mudflat sediment will follow the approach provided in 
USEPA’s guidance for developing soil screening levels (SSLs) based on volatilization to 
ambient air (USEPA 1996). Particulate-bound emissions are not evaluated, because, due 
to tides, exposed sediments do not become sufficiently dry to become a source of wind-
blown fugitive particulates.  

A volatilization factor (VF) will be used to define the relationship between the 
concentration of the COPC in mudflat sediment and the flux of the volatilized COPC to 
ambient air when the mudflat is exposed. The VF will be derived in accordance with the 
approach and Equation 6 provided in USEPA’s Soil Screening Guidance (USEPA 1996). 
Default assumptions from the guidance will be used except where site-specific data are 
available (e.g., organic carbon, soil moisture content). A default Q/C value for a five 
acre site (approximate surface area of largest mudflat on LPRSA) in the climate/zone 
closest to the LPRSA (Philadelphia in Zone VIII) will be used (USEPA 1996). Sediment 
screening levels for volatilization (SSLvol) will be calculated using the VF and 
conservative residential exposure assumptions per Equations 4 and 5 of USEPA (1996). 
The use of residential exposure assumptions is very conservative for the uses of the 
LPRSA and the fact that mudflats are not continuously exposed to ambient air. The 
SSLvol will be calculated using a target cancer risk level of 10-6 for carcinogens and target 
hazard index of 1 for noncarcinogens per USEPA (1996). Toxicity values will be 
obtained in a manner consistent with the approach identified in Section 3.4 of the RARC 
Plan.  

The resulting SSLsvol will be compared to upper-bound (i.e., maximum or 95% upper 
confidence limit) concentrations of COPCs in mudflat sediments. If none of the SSLvol 
is exceeded, then no further evaluation of the inhalation pathway via volatilization from 
mudflat sediment is warranted. If one or more SSLvol is exceeded, then the COPC(s) will 
be evaluated in a subsequent and more refined tier of analysis for mudflats, as 
described below. 

2.2 SURFACE WATER 
The screening assessment for surface water will utilize a simple, highly conservative 
box model approach. This model assumes that emissions of volatilized COPCs are 
confined to a “box” as they are transported across the river. The basis of a box model is 
that emissions from the emitting surface are uniformly mixed in the breathing zone. 
This is highly conservative for non-buoyant releases, because turbulent diffusion would 
cause concentrations to be highest near the surface and decrease with decreases in 
height. The box model also inherently assumes that the receptor is always downwind of 
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the source, such that the concentration in the box is computed at the downwind bank of 
the river. The concentration at the downwind edge of the box is computed as follows: 

 

Cair = [QR x 1000 x (U x Wb x Hb)]–1    Equation 1 

 

Where:  
Cair  =  air concentration of COPC (mg/m3) 
QR  =  total release rate COPC into the box (g/sec) 
U  =  annual average surface wind speed (m/sec). 
Wb = cross-wind dimension (width) of the box (m) 
Hb  =  height of the box (m) 

The rate of vaporization of the COPC into the box is computed from the following 
equation for an evaporating pool (USEPA 2009).  

 

QR = 0.285 x U0.78 x MW2/3 x Lb x Wb x VP x T-1  Equation 2 

 

Where: 
QR  = total release rate COPC into the box (g/sec) 
U  =  annual average surface wind speed (m/sec). 
MW = molecular weight of COPC 
Lb  = along-wind dimension (length) of the box (m) 
Wb = cross-wind dimension (width) of the box (m) 
VP =  COPC partial pressure in water (mm Hg) = saturation vapor pressure 

of COPC (mm Hg) x COPC mole fraction x COPC activity coefficient. 
T  = annual average temperature (285º K) 

Combining terms of these equations results in a simplified expression: 

 

Cair = 285 x U-0.22 x MW2/3 x Lb x VP x Hb-1 x T-1   Equation 3 

 

The following site-specific parameters will be applied in Equation 3: 

 U and T will be set to 4.5 m/sec and 285º K, respectively, based on long-term 
average observations by the National Weather Service at Liberty International 
Airport in Newark; 

 Hb will be set to 2 m above the water surface representing the breathing height 
on the river bank; 
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 Lb will be set to 1,000 m, corresponding to the widest section near the mouth of 
the River;  

 U will be set to 4.5 m/sec; and 

 The mole fraction of each COPC will be based on upper-bound (i.e., maximum or 
95% upper confidence limit) concentrations in surface water. 

There are a number of highly conservative assumptions inherent in this approach: 

 The concentration of COPC in the surface water remains constant for the entire 
duration even though the water is being constantly replaced due to the flow of 
the river and tides; 

 The height of the “box” of 2 meters assumes that emissions are trapped in a 
shallow layer rather than allowed to disperse in the atmosphere; 

 The wind direction is continuously aligned with the river, whereas wind 
direction is highly variable; and 

 The along-wind length of the box is corresponds to the widest portion of the 
river.  

The modeled air concentrations will be compared to USEPA’s Regional Screening 
Levels for resident air (RSLair) (USEPA 2010). The RSLs for air are derived to be 
protective of continuous 30 year residential exposure, and thus are highly conservative 
for use in the inhalation screening assessment. If none of the RSLair is exceeded, then no 
further evaluation of the inhalation pathway via volatilization from surface water is 
warranted. If one or more RSLsair is exceeded, then the COPC(s) will be evaluated in a 
subsequent and more refined tier of analysis, as described below. 
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3 Tier 2—Screening-Level Air Modeling 

For COPCs exceeding the air screening levels identified in the Tier 1 screening 
assessment, a Tier 2 screening-level air modeling will be conducted. This will involve, 
first, estimating short-term and long-term emission rates, and, then, applying a 
screening-level dispersion model to estimate potential outdoor air exposure point 
concentrations. This would include defining a conservative source-receptor 
relationship.  

Emissions from the water surface will be estimated by applying a standard evaporation 
equation for evaporation from lagoons and impoundments such as provided in 
USEPA’s Air/Superfund National Technical Guidance Study Series (USEPA 1992a).  

Emissions flux from mudflats will be estimated using methods such as discussed in 
Investigations of Controlling Factors for Air Emissions Associated with the Dredging of Indiana 
Harbor and Canal (IHC) and CDF Operations (Thibodeaux et al. 2008). The emission 
estimation methods identified for freshly dredged material will conservatively estimate 
emissions from mudflats, where the sediments usually remain undisturbed.  

In the second step of Tier 2, a simple, conservative screening modeling approach will be 
applied. As recommended by USEPA’s screening guidance for air emission sources 
(USEPA 1992b), USEPA’s screening model, SCREEN3, will simulate a peak downwind 
1-hour concentration at the closest receptor. Standardized scaling factors will be applied 
to estimate long-term concentrations. The resulting modeled ambient air concentrations 
will be compared to USEPA RSLs for ambient air. Because screening modeling is 
intentionally conservative, if modeled air concentrations are below the RSLs, no further 
evaluation of the air pathway is warranted. However, if one or more modeled air 
concentrations exceed its RSL, then more refined Tier 3 air modeling will be conducted, 
as described below. 
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4 Tier 3—Refined Air Modeling 

A Tier 3 refined air modeling analysis will involve defining realistic source receptor 
relationships and characterizing dispersion with AERMOD, as recommended by 
USEPA’s Guideline on Air Quality Models (USEPA 2005). AERMOD would be used to 
simulate simultaneous emissions from portions of the river with highest emissions. 
Modeling receptors will be placed in a 100 m spaced square receptor grid covering 
populated and publicly accessible areas within 2 km of the river. AERMOD will be 
applied to simulate hourly concentrations at each receptor location by applying up to 
five years of meteorological data from the National Weather Service at Newark Liberty 
International Airport. Long-term (annual average) exposure concentrations for each 
COPC will be calculated for each receptor location and used in the risk assessment. 
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Comments 
Draft Data Usability and Data Evaluation Plan  

for the Lower Passaic River Study Area Risk Assessments 
dated February 26, 2010 

 
 
EPA has reviewed the draft Data Usability and Data Evaluation Plan for the Lower 
Passaic River Study Area Risk Assessments submitted on February 26, 2010.   
 
Overall, we have some significant concerns with the document, not the least of which is 
how it fits into the larger questions of how the risk assessments will be conducted.  As 
such, we will not approve this document, nor consider it final, until all (or at least more) 
of the risk assessment-related documents are submitted and reviewed holistically.   
 
We anticipate that a series of conversations and written exchanges on this topic will take 
place over the coming weeks and, most likely, months.  The draft Data Usability Plan 
provides a good starting point for this dialogue.  Our major concerns with this specific 
document are as follows: 
 
• A date of ten years before the 2007 CPG Settlement Agreement was selected as 

the cutoff to establish the age of historical data that will be considered for use in 
the risk assessments.  This date does not have a scientific basis and automatically 
excludes older data that should at least be considered for use in the assessments.  
As the document suggests, trend analyses need to be conducted; these analyses 
should be conducted prior to determining which data should or should not be 
used.    

 
• The document also states that all data collected by the CPG as part of EPA-

approved QAPPs and/or QAPP addenda automatically meets all Data Quality 
Objectives for the risk assessments.  While most of the CPG data should indeed 
meet DQOs, all data must still be vetted against those DQOs prior to use. 

 
• The document does not include a reference to the Risk Assessment Guidance for 

Superfund (RAGS), Part D, and the associated data usability worksheets.  RAGS 
Part D must be used as part of the process, to evaluate data for the risk 
assessment. 

 
• EPA is working on a comprehensive review of the PREmis database, and will be 

addressing the concerns raised by the CPG.  At this point, data should not be 
excluded simply because it is not entered properly or consistently in the database. 

 
More specific comments follow, and we reserve the right to send additional comments as 
our discussions on these topics progress.   
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No. Section/ 
Title Comment 

1  
Section 1 
Page 1 

The document states the “evaluation of data usability for other aspects of the LPRSA 
RI/FS (e.g., site characterization, remedial studies, trend analysis of chemical 
concentrations over time, and modeling) and regional background data that will be 
used to support the risk assessments are not addressed in this plan.”  Please indicate 
when  and in which documents data usability will be evaluated for other RI/FS uses. 
 

2  
Section 2.1.2 
Pages 3 to 4 

a. EPA agrees that the data loaded on PREmis needs to be evaluated, and we are 
actively developing a solution for moving forward.  However, note that the 
majority of the historical data were collected under USEPA quality 
assurance/quality control (QA/QC) procedures, using approved QAPPs.  
Appropriate QA/QC procedures appear to have been used to generate most 
existing datasets, and the data have been used to support other risk assessments.   
Note that reports, and the associated metadata information, are available via 
hardcopy for 7 of the 13 sediment datasets and 3 of the 6 biological tissue datasets 
for use in the risk assessments. 

 
b. The acceptability of datasets (whether historical or collected by CPG) for use in 

risk assessments should be evaluated using the DQOs, even as database 
maintenance continues.   The format of existing data should not impact data 
usability, especially since the EPA Region 2 MEDD format was not required for 
use on this project until 2007.   

 

3  
Section 2.2 

Page 4 

The second paragraph of this section states that CPG-collected data “are assumed to 
meet DQOs specified for the baseline risk assessments.”  Change “are assumed to” to 
“will be evaluated as to whether they.” 

4  
Section 2.2.1 

Page 5 
 

a. The “Event Level” DQOs listed are overly restrictive and would likely eliminate 
many recent datasets that may be useful without a scientifically valid reason.  

 
b. Other data types (toxicity, bioassay, and physical data) are listed in the document, 

but criteria for these data types are not identified.  
 
c. The potential for inclusion of sediment samples from deeper than 0-6 inches should 

be evaluated as part of the risk assessment planning process.  A more detailed 
discussion of the sediment sample selection process needs to be presented in either 
this or one of the upcoming documents (see also Section 2.2.3). 

 
d. In the third bullet of this section, it is not clear why only data that have been 

processed in a “manner consistent with the Benthic QAPP” would meet the 
requirements of this DQO.  Why is this stipulation not also extended to surficial 
sediment and surface water as well?  If the issue is integration, it would be better to 
consider appropriate approaches rather than to disregard other data sets. 

 
e. As is noted in the general comments, the timing of the 2007 CPG Settlement 

Agreement is not relevant to the risk assessment.  If the CPG wishes to evaluate 
data collected in the last 10 years, then they should propose to examine data from 
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No. Section/ 
Title Comment 

2000 to 2010; however, it is preferred that they do not exclude the Tierra Solutions, 
Inc. 1995 RI Study (which is close to the proposed cut-off date of 1997). 

 
The 1995 sampling program is the only other comprehensive set of sediment data 
available, albeit for only part of the river under investigation, and provided 
analytical data for locations not otherwise sampled.  In addition, the risk 
assessments will need to evaluate both current and future conditions for receptors.  
Even if trend analyses suggest that conditions have changed within the LPRSA 
since the time that these samples were collected, the 1995 data along with 
subsurface analytical results (collected under various programs) may be the best 
way to estimate potential exposures. 

 

5  
Section 2.2.2 

Page 6 
DQO No. 1 

As stated, sediment samples collected prior to dredging or capping no longer reflect 
current conditions.  However, data from these areas may still be useful as part of the 
risk assessment process, for example during trend analyses.    
 

6  
Section 2.2 

Page 6 
DQO No. 2 

The statement “only data collected from within the LPRSA will be used to calculate 
risk estimates” suggests that data collected above Dundee Dam or on the tributaries 
will be eliminated from the risk assessment.  Please clarify this statement. 
 

7  
Section 2.2.4 

Page 7 
DQO No. 1 

Historical data may be marked with either a U- or an ND-qualifier, and they are 
generally used interchangeably.  For these non-detected concentrations, the laboratory 
may report either the method detection limit, the reporting limit, or the laboratory 
quantitation limit, depending on their scope of work.  These details may be obtainable 
from the labs, even if they are not currently entered in the database. 
 

8  
Section 2.2.4 

Page 7 
DQO No. 2 

a. In some instances individual component results may not be available. The totals 
results may have been reported directly from the laboratory and individual 
components may not have been captured in PREmis or reported from the 
laboratory. This should not necessarily preclude the use of these results from the 
risk assessment. 

 
b. Include a cross reference to Table 3 and Section 3.1. 

 

9  
Section 2.2.4 

Page 7 
DQO No. 3 

a. Delete the phrase “publicly available” from the discussion of SOPs.  Data should 
not necessarily be eliminated because a laboratory considers their SOPs to be 
confidential documents.  Prior experience shows that business confidential SOPs 
can be obtained for review and approval by both EPA and the CPG. 

 
b. The document states that inclusion of data obtained using low-resolution analysis 

methods will be made on a case-by-case basis.  The determination process for 
vetting these data should be detailed in this document or elsewhere, for discussion 
and approval by EPA. 
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No. Section/ 
Title Comment 

10  
Section 2.2.4 

Page 7 
DQO No. 5 

“Invertebrate community data must be reported to the lowest practical taxonomic 
level.” Lowest practical taxonomic level is clearly preferred, but even higher 
taxonomic levels can be useful if qualified appropriately and used carefully. 
 

11  
Section 2.2.5 

Page 8 

The validation criteria are overly strict for data collected by other parties and will likely 
eliminate several historical datasets.  For example, non-chemical parameters may not 
typically be validated.  Historical biological data (e.g., toxicity test and community 
surveys) were likely verified, not validated.  These historical data should not 
necessarily be eliminated if they were generated in compliance with their planning 
documents. 
 

12  
Section 2.2.5 

Page 9 
DQO No. 3 

This statement is generally true; however there may be documentation beyond the 
availability of Form 1s that define the quality checks used for a particular data set in 
PREmis. These quality assurance trails also speak to the overall quality of a particular 
dataset. 
 

13  
Section 2.2.6 

Page 9  

As was noted earlier, the final list of DQOs should apply to all data, not just that 
collected by parties other than the CPG.  
 

14  
Section 3.1 
Pages 10 to 

11 

EPA is still evaluating how best to handle non-detects for congeners with multiple 
congeners, and Region 2 has contacted Headquarters for further guidance.  As such, 
additional comments on this section will be made at a later date.  In the meantime, 
however, it may be useful to select some examples from the existing dataset to 
determine the overall impact of using zero, one-half the detection limit, or the full 
detection limit on the calculated concentrations. 
 

15  
Table 3-1 

Pages 12 to 
13 

a. The rationale for inclusion of an alkylated PAH (2-methylnaphthalene) in the PAH 
totals should be included. 

 
b. More detail should be provided on the handling of DDD, DDE, and DDT in the 

summation since analysis and quantification of these compounds are frequently 
impacted by matrix interferences.  It is likely that most of the Total DDx 
concentrations will be flagged in the risk assessment database. 

 
c. More detail should be provided on the handling of PCB co-elution. 
 
d. The evaluation of non-dioxin like PCBs should be conducted consistent with the 

examples provided in EPA’s 1996 PCBs: Cancer Dose-Response Assessment and 
Application to Environmental Mixtures, available at:  
http://cfpub.epa.gov/ncea/CFM/recorddisplay.cfm?deid=12486 .  
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No. Section/ 
Title Comment 

16  
Section3.2  
Pages 13 

to14 

a. The handling of field duplicates is unclear.  The introductory paragraph for the 
section states that one value will be used from the sample and duplicate pair.  
However, Section 3.2.2 states that both results will be used or averaged.  These 
paragraphs should be consistent. 

 
b. For the first bullet on Page 13, see Comment 10b.  In addition, EPA PAH data 

generated by HRCG/LRMS are also valid and should take precedent over SVOC 
data. 

 
c. If there are instances where samples were collected at the same location at 

different times, a third case should be included explaining how temporally variant 
samples would be used.  

 
d. The document states that “if a constituent is detected in only one duplicate, the 

detected value will be used.”  Such an instance should be accompanied by a 
rigorous QC review of the potential causes of disagreement in a sample and 
duplicate pair, prior to a final decision on usability of the data. 

 

17  
Section 4, 

Pages 14 and 
17 

The document should clarify that the assessment is being developed to protect the 
“Reasonably Maximum Exposed” individual who is at the 90th percentile or above on 
the distribution of exposures consistent with EPA’s 1992 Exposure Assessment 
Guidelines.  The discussion of “measures of central tendency” should clarify that the 
data used in the calculation of the exposure point concentration is the 95th UCL on the 
mean or the maximum concentration when the dataset consists of less than 10 points. 
 

18  
Section 4.1 

Page 15 

It might be best to define when normalization is desired, and when non-normalized 
data are most appropriate. Each provides different information that is valuable.  We 
suggest calculating both OC and lipid normalized BSAFs and non-normalized BSAFs. 
For use in food web modeling, actual tissue concentrations are preferred (for prey 
items). If prey tissue concentrations are to be estimated or modeled using BSAFs, then 
in those cases non-normalized BSAFs are often preferred.  
 

19  
Section 4.2 

Page 15 

For Equations 4-3 and 4-4, a QC step should also be performed to check that the sum 
of fractions is 1.  In addition, there may be specific ecological exposures where these 
reconstituted whole-body tissue estimates may provide inaccurate exposure estimates 
(e.g., fish bones and crab shell parts are typically not ingested by scavengers).  This 
type of information should also be included in the uncertainty analysis. 
 

20  
Section 4.4 

Page 17 

RAGS, Part A, Pages 8-7 and 8-8, discusses the use of significant figures.  Consistent 
with the guidance, the final presentation of calculated risks should be provided with 
one significant figure.   
 

21  
General 

Comment 
(Page 1) 

Here is some guidance for the COPC selection process memo, that you will be 
submitting shortly:   
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No. Section/ 
Title Comment 

For the human health risk assessment we compare the maximum concentration found 
in a specific media (i.e., soil, sediment, groundwater, air, surface water, etc.) to their 
respective chemical specific risk based concentration found in the Regional Risk 
Assessment Table.  For soils or sediment we would use the residential soil values.  The 
Regional Tables for fish consumption are available at:  
http://www.epa.gov/reg3hwmd/risk/human/index.htm.  For carcinogens the 
comparison values are based on a risk of one in a million consistent with the point of 
departure for determining remediation goals for alternatives when ARARS are not 
available and are not sufficiently protective because of multiple contaminants at a site 
or multiple pathways of exposures (NCP Rule 40 CFR 300.430(e)(2).  For systemic 
toxicants, we apply a Hazard Quotient (HQ) of 0.1 for noncarcinogens to account for 
additive effects.  All known carcinogens, regardless of risk based concentrations, are 
maintained in the risk assessment based on RAGS, Part A.  Also, consistent with the 
Background guidance, COPCs are not screened out based on background.  Background 
is evaluated in the Risk Characterization consistent with the RAGS Part A and also the 
Background policy and guidance. 
 

 
 



 

COMMENTS 
Risk Analysis and Risk Characterization Report 

 
 

No. General Comments and Directives 

1 

Attached are RAGS Part D tables which have been filled in, to the extent possible at this point in the process, with the 
exposure parameters that should be used in the HHRA.  The exposure scenarios and values outlined in these tables must be 
used to conduct the human health risk assessment for the site.  Also attached is a technical memorandum which outlines the 
basis for the parameters provided in the tables. 
 

2 

EPA disagrees with the notion that actual current and future exposures are the same.  As is noted on Page 97 of the RARC 
report, existing plans call for expansion and improvements to parks and open space along the river that will lead to higher 
exposure in the future.  While the general usage types of the river may remain the same in the future, the usage frequency 
and number of access locations should certainly increase over time based on these plans, or others that are developed.  This 
increased usage must be taken into account in the risk assessment calculations.  The exposure parameters that should be used 
for current/future exposures for each type of receptor are shown in the tables referenced in Comment 1, above, and do take 
into account the anticipated increased usage.  
 

3 

As discussed in the Problem Formulation document, the selection of areas to be used in the development of Exposure Point 
Concentrations will be addressed following a review of the contaminant concentrations.  Please remove all references 
throughout the document to specific areas over which EPCs will be calculated (i.e., see Page 31, Surface Water Exposure).  
The attached tables and technical memorandum do not address segmentation of the river for the risk assessment.   
 

4 

Distributions of TEQs should not be used in the risk assessment for human health.  This comment is based on information 
provided in the paper by van den Berg et al. 2006.  EPA will also provide specific direction on which toxicity values to use 
as the project moves forward.  
       

5 

The RME individual represents the 90% or higher end of exposure consistent with the 1992 Exposure Assessment 
Guidelines.  The 90th percentile or above will be used to identify the fish/crab consumer.   
 
Consistent with Risk Assessment Guidance for Superfund Part A, the evaluation of risks/hazards is based on an exposed 
individual.  As stated in the Guidelines, the RME individual is defined as follows:  “Actions at Superfund sites should be 
based on an estimate of the reasonable maximum exposure (RME) expected to occur under both current and future land-use 
conditions. The reasonable maximum exposure is defined here as the highest exposure that is reasonably expected to occur at 
a site. RMEs are estimated for individual pathways.” 
 

6 

Non-detects should be handled statistically rather than by using a simple substitution method, whether it be using zero, half 
the detection limit, or the full detection limit.  The current version of ProUCL includes procedures to do this (see USEPA, 
2010, ProUCL Version 4.00.05 User Guide, or the most recent version of ProUCL and other appropriate guidance from EPA 
at the time the analysis is conducted). 
 

7 

A fish ingestion rate of 26 grams/day and a crab ingestion rate of 24 g/day should be used for now.  These values are based 
on the 1997 Exposure Factors Handbook and the paper by Burger et al. 2002.(Burger, J. 2002. Consumption Patterns and 
Why People Fish. Environmental Research Section A 90, 125-135).  EPA will work on developing alternate numbers based 
on other existing surveys as multiple lines of evidence. 
 

8 

For future risk scenarios, the description of RM 0-6 in the Problem Formulation Document will be more applicable to RMs 0 
to approximately 2.  The shift in use of the waterfront with increased public access and recreational use will be upstream of 
Sherwin Williams (approximately at RM 3.6).  RMs 0 to 2 will remain active for commercial use into the future, and the 
stretch from RM 2 to 3.6 will likely be developed into Portfields/Brownfields. 
   

9 

While the CPG has not decided yet whether they intend to conduct a probabilistic risk assessment (PRA), EPA does not 
recommend conducting one for the following reasons:   
 

a. It may not be useful since the current risks calculated in the FFS are already above the criteria identified in Section 
2.3.2 of the RAGS Part III (see page 2-11 and 2-12 
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No. General Comments and Directives 

http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt_complete.pdf).   
 
b. The development of a PRA will take significant time (on the order of a year or two) for review of workplans, 

development of distributions, and review of computer codes/documents, which is also resource intensive. 
 

10 

The Passaic River above Dundee Dam, beyond the heavily industrial area, should be used as background for both the 
freshwater and estuarine sections of the river.  The selection of a reference location within the greater Newark Bay complex 
is inappropriate, because the definition of “background” in EPA guidance (OSWER 9285.6-07P) refers to locations that are 
not influenced by the releases from a site. 
 

11 

The document highlights the 2009 Exposure Factors Handbook and its recommendations.  This document recently completed 
its external peer-review and EPA is currently addressing comments.  At this point in time, the document is “do not cite or 
quote” and it should only be incorporated when the review and response to comments are addressed and the final version is 
posted on EPA’s homepage. 
 

12 

The Superfund risk assessment process addresses both chemical and radiological risks, but not microbial risks.  Discussion 
of microbial risks should not be included in the risk assessments for this project.    
 
Also note that the 2009 Protocol for Microbial Risk Assessment referred to in the document is still out for public review and 
the comments are being addressed.  It is premature to use a document that has not been finalized by the Agency. 
 

13 

Throughout the document, reconnaissance surveys are mentioned.  However, the document does not identify the types of 
information that will be collected to support the risk assessments and how this information will be used.  If, after reviewing 
the recommendations and directives enclosed herein, the CPG still feels that certain surveys are necessary, then they must be 
described, in detail, in writing, within 60 days of receipt of these comments.  EPA approval must be obtained prior to moving 
forward with any additional surveys. 
 

14 
Throughout the document, references to what data will be used and how it will be evaluated will need to be revised to be 
consistent with the to-be-revised Data Usability and Data Evaluation Plan. 
 

 
 
 

No. Section/Title Specific Comments 

15 Section 1 
Page  

Change the end of the first sentence of the second paragraph on the page to “…and as site-specific as 
possible given the available data.” 
 

16 Section 1.1 
Page 1 

a. A simple definition of the study area should be provided in the introduction to this document.  Please 
add the following information to this section: “The LPRSA encompasses the lower 17.4 miles of the 
Passaic River, from Newark Bay to Dundee Dam.” 

 
b. The discussion should also mention that there are efforts underway to restore the river as a viable 

natural resource, both within the 17.4-mile stretch and above Dundee Damn. 
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No. Section/Title Specific Comments 

17 Section 1.2 
Pages 1 to 2 

a. As noted in previous comments regarding the draft Data Usability and Data Evaluation Plan, all data 
must be vetted against the data quality objectives (DQOs) prior to use.  Please adjust the language in 
this section to indicate that all data, and not just data collected by third parties, will be evaluated against 
DQOs prior to use in the risk assessments.  Ultimately, this section needs to be consistent with the final 
Data Usability and Data Evaluation Plan. 

 
b. The list of QAPPs on Page 2 needs to be updated. 
 
c. Data from the 2001 creel angler survey conducted by Tierra Solutions, Inc. should not be used in the 

risk assessments.  As has been noted previously, the survey was referenced in the Problem Formulation 
Document as part of a summary of all studies completed on the river.  The PFD clearly states that the 
survey was conducted without EPA approval.  EPA disagrees both with how the survey was conducted 
and with the conclusions drawn from it.  For example, ingestion rates were not calculated correctly in 
the survey report.  The survey identified 7 individuals who reported consuming fish (see Ray et al, 
Table 1).  Consistent with the definition for a Reasonably Maximally Exposed Individual, this N = 7 
will represent the RME group.  When calculated this way, the data indicate that the maximum 
consumption rate was 28 grams/day (see Ray et al. page 525) and the estimated maximum annual 
consumption was 23.95 grams/day (see Table 3).  These values are close to the default ingestion rate of 
26 grams/day which is the current value from the 1997 Exposure Factors Handbook.  

 

18 Section 2 
(throughout) 

Non-chemical stressors should not be included as part of the risk characterization for the BERA, and should 
not be quantified.  They may be discussed, qualitatively, in the habitat or environmental characterization 
section of the BERA. 
 

19 Section 2 
Page 5 

a. The list of data collection efforts to date on this page needs to be updated. 
 
b. Change the last sentence of the 4th paragraph on the page to state that understanding the impacts of 

habitat constraints in the LRRSA is part of assessing current ecological risks and planning restoration. 
 

20 Section 2.1.1 
Page 8 

a. Tissue concentrations for avian egg tissue will also be estimated and there should be an explanation of 
how the chemical parameters to be modeled will be determined. 

 
b. The report states that the dietary chemicals that will be evaluated for wildlife include only those that are 

bioaccumulative, plus phthalates.  Chemicals can have deleterious effects without being 
bioaccumulative, so a full screening process should be conducted. 

 

21 Section 2.1.2 
Pages 9-10 

It is unclear how populations (vs. individuals) will be evaluated in some cases. It is recognized that 
assessing population level impacts is appropriate for non-special status species, but it appears that impacts 
to individuals (based on ecotoxicity data) will form the basis of these assessments. For example, 
assessments of amphibian populations are extremely difficult to perform, yet impacts on tadpoles based on 
aquatic toxicity data can be used to infer population level impacts depending on assumptions. It may be 
more clear to state that population level impacts will be inferred from data based on impacts to individuals 
(presumably using survival, growth, and reproduction endpoints). 
 

22 

Section 2,1.3 
Table 2-1 

Pages 11 to 
17 

a. Surface water contaminant levels used in the evaluation of benthic organisms should be obtained 
immediately above the sediment, from 0 to 6 inches. 

 
b. Footnote a will need to be revised to be consistent with the approved wording in the to-be-revised Data 

Usability Report. 
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No. Section/Title Specific Comments 

23 Section 2.1.4 
Page 18 

a. In the second paragraph, first sentence, suggest replacing “…ecological species…” with “…types of 
potential ecological receptors…” or something similar; the groups noted are not species. 

 
b. In the fourth paragraph, first sentence, suggest replacing “…dominant bird species…” with “…types of 

birds…” or “…avian receptors….” The groups noted are not species. Also, throughout the document 
references to “species” should be checked to verify that organisms noted are species rather than types 
or groups. 

 

24 Section 2.1.4 
Page 20 

The first sentence states “…a number of the estuarine ROCs (i.e., blue crab, white perch, and American eel) 
were found in all reaches of the freshwater portion (river mile [RM] 10 to RM 17.4), demonstrating that 
these fish may have some tolerance for fresh water.” The way this sentence is structured does not recognize 
that American eel are catadromous fish that spawn in the sea but spend most of their lives in freshwater. 
 

25 Section 2.1.4 
Page 23 

The document should not make reference to conclusions drawn in the draft LRC report, particularly since 
some of these conclusions are being challenged.  Please remove this language. 
   

26 Section 2.3 
Page 24 

The first paragraph states that exposure estimates for the baseline ecological risk assessment (BERA) will 
include both the mean and upper confidence limit of the mean (UCL).  It is assumed that the statistic for the 
UCL will be the 95 percent UCL, but this is not stated as such. Please provide the statistic that will be 
calculated and used in the BERA to reflect the UCL on the arithmetic mean. This issue is discussed in more 
detail in subsequent paragraphs, with specific reference to use of Pro-UCL. 
 

27 
Section 
2.3.1.3 
Page 26 

Do the listed “n” values represent the total number of samples, the samples per site, or the number of 
organisms per test?  Please clarify. 

28 
Section 
2.3.1.4 
Page 28 

White Sucker and carp will also be analyzed for chemical residues and should be included in the bullets in 
this section. 

29 

Section 
2.3.1.4 

Equation 2-2 
Page 30 

The selection of the site use factor will have a direct and linear impact on the dose calculations (i.e., dose at 
site use factor (SUF) = 1 is double what dose would be at SUF = 0.5). Data on SUF values for fish are 
limited, and it may be appropriate to set the SUF to 1.0 where a site specific SUF is unknown. Some 
discussion on how the SUF will be determined would be appropriate here, given the potential impact and 
high degree of uncertainty.   
 
In addition, see comments on Appendix C for some specific recommendations on what SUF to use.   
 

30 
Section 
2.3.1.4 
Page 30 

Because we are not looking at water ingestion and potential uptake across the gill, it would be good to 
compare modeled fish tissue concentrations to measured fish tissue concentrations, to ensure that the model 
is predicting the appropriate concentrations for the future assessments. 
 

31 
Section 
2.3.1.4 
Page 31 

Please clarify what sediment depth will be used to calculate the BSAF for mummichog and darter/killifish.  
The depth used should correlate with the small forage fish burrowing depth when they overwinter in the 
sediments. 
 

32 
Section 
2.3.2.1 
Page 36 

The report states that average fish body weights will be based on the fish that are actually analyzed.  This 
will likely skew the results towards heavier weights since, in general, larger individuals were chosen for 
analysis.  Instead, a range of fish should be utilized to calculate the weights, based on (a) the fish that were 
analyzed, (b) the fish that were not analyzed, and (c) the complete data set for each species.  A discussion 
should be included on how the use of each of these data sets affects the outcome. 
 

33 
Section 
2.3.2.1 
Page 37 

Again, the exposure area needs to be decided, with EPA approval, after the data have been evaluated.  See 
also General Comment 3. 
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No. Section/Title Specific Comments 

34 

Tables 2-2 
and 2-3 

Pages 38 to 
40 

Please see specific comments on Appendix C regarding site use factors and diet percentages.  All of the 
factors and percentages proposed should be re-evaluated and re-submitted for review and approval. 

35 Section 2.4 
Page 54 

It would be beneficial to use both NOAEL and LOAEL values in the BERA, when needed, so that 
additional information regarding the potential for effects can be evaluated.  EPA Region 2 uses the NOAEL 
and LOAEL in conjunction with the "Rule of Five" to evaluate potential remediation goals.  Information on 
the rule of five can be provided if needed. 
 

36 Table 2-6 
Page 58 

The Amphibian/Reptile Populations section has a footnote “d” indicator, but no footnote d is provided.  
Please clarify. 
 

37 
Section 
2.5.1.2 
Page 64 

The report cites the NJDEP SQGs dated 1998.  EPA will be providing tables with updated ecological 
screening criteria.  See also Comment 62. 
 

38 Section 2.6 
Page 67 

a. Will a ‘weight-of-evidence’ approach be used in risk characterization or instead, will risk 
characterization include ‘multiple lines of evidence’? This comment is specifically asking if a 
weighting strategy will be employed in the evaluation of the various lines of evidence.  If a weighting 
system is contemplated, then the proposed system should be submitted to EPA for approval prior to 
application in the risk assessment. 
 

b. The report states that “COCs will not be identified based on the SQT approach.  Instead, areas of 
potential risk to the benthic invertebrate community will be identified spatially using the results of the 
SQT analysis.”  Please clarify this statement. 

 

39 Section 3.3 
Page 71 

The use of default or surrogate assumptions is consistent with USEPA guidance. In fact, depending on the 
parameter, such assumptions are valuable and recommended for use in the risk assessment process as noted 
in many of the USEPA documents cited in the draft RARC. Based on this information, the last sentence in 
the second paragraph should be revised to read “While use of some default or surrogate assumptions is 
necessary in the remedial decision-making process, USEPA guidance documents stress the importance of 
using data that represent the characteristics of the local population(s) and site where possible and 
appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a).” 
 

40 

Sections 3.3.1 
to 3.3.4 

Pages 89 to 
106 

These sections need to be fully revised to be consistent with the attached RAGS Part D Tables and exposure 
recommendations provided. 

41 Section 3.3.2 
Page 90 

It is not clear how the inhalation of COPCs that may volatilize will be evaluated in the risk assessment.  
Further details regarding the proposed screening assessment of this exposure pathway are needed for full 
evaluation of this pathway. 
 

42 Section 3.3.2 
Page 92 

The reasons for EPA’s concern with evaluating risks and hazards to a transient population quantitatively 
should be discussed in the text, including a discussion of the high uncertainty associated with these 
exposures.  EPA’s concerns stem from the lack of specific information on the exposure patterns for this 
population, and the extreme difficulty for the CPG or others to collect exposure information on this 
population.  The qualitative evaluation will help inform the full evaluation of the exposed groups without 
collecting information that may be unnecessarily invasive of individual privacy.   
 

43 
Section 3.3.2 
Pages 94 to 

96 

The equations listed on these pages can instead be presented in the RAGS Part D Tables, Table 4, for 
exposure assumptions.  It would be easier to use the standardized format rather than re-creating these values 
in the text with multiple versions in the text and the table. 
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44 Section 3.3.4 
Page 97 

The draft RARC document states: “Future land and water uses within the LPRSA are not expected to differ 
greatly from current uses. Existing plans for redevelopment and restoration generally call for improvement 
and/or expansion of existing parks and open space along the river. Therefore, it is anticipated that separate 
evaluations for current and future exposure will not be necessary.”  
 
Future exposures at parks and open space that have been ‘improved and expanded’ are likely to be greater 
than current exposures. Such improvements make it more likely that people will visit more often and spend 
more time at such places along the river. Even if receptor groups and exposure pathways are expected to 
remain the same, evaluations for future exposures should account for the increased exposure under 
improved conditions.     
 
EPA has developed the attached Tables incorporating information on each media, exposure pathway, and 
receptor.  The exposure assumptions presented capture information on exposures under the future scenario 
and were developed so as to not underestimate risks/hazards under current conditions.   
Attached are Tables which account for exposures under current/future conditions.   
 

45 
Section 
3.3.4.6 

Page 101 

The first paragraph of this section needs to be revised.  Existing EPA guidance does not preclude the use of 
default values, as is implied.  See also Comment 39.   

46 
Section 
3.3.4.12 
Page 104 

Consistent with the RME evaluation, the fraction from source should be considered to be 100% and should 
not be apportioned.   
 

47 

Section 
3.3.4.13 

Pages 104 to 
105 

a. The dermal absorption fraction should use values in RAGS Part E, with appropriate future updates.  
The EPA Region 4 document referenced in the RARC document was prepared before RAGS Part E 
was finalized.  The EPA Region 4 document should not be included in the assessment since RAGS Part 
E, page 3-18, recommended the use of a fraction for semivolatile organic compounds (SVOCs) of 10% 
as a screening method for the majority of SVOCs without dermal absorption fractions.  The document 
further indicates that for inorganics, the speciation of the compound is critical to the dermal absorption 
and there are too little data to extrapolate a reasonable default value. 

 
b. The oral absorption adjustment factors will need to be submitted to EPA before being applied in the 

assessment.  General guidance on this evaluation is presented in RAGS Part E on page 4-2. 
 
c. EPA agrees that the permeability coefficients should be derived from RAGS Part E.  RAGS Part E 

specifically recommends permeability coefficients.  Any deviation from the use of existing values will 
need to be evaluated by EPA before incorporation into the risk assessment. 
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48 

Section 
3.3.4.13 

Pages 105 to 
106 

The HHRA should use a cooking loss of zero for the RME individual and 20% for the loss of PCBs 
(midpoint of 0 to 40%) for the CTE individual.  Values that should be used for other chemicals are listed 
below: 
 
Table 5-6. Range of Cooking Losses from Fish COPC Exposure Scenario   
(from the Focused Feasibility Study Risk Assessment).   
 

RME (%)      CTE (%) 
DDD                  0   30 
DDE    0   35 
DDT    0   30  
Chlordane   0   33  
Dieldrin                 0  30 
Dioxins                 0   49 
PCBs    0   20 
Mercury   0   0 
 
RME – reasonable maximum exposure 
CTE – central tendency estimate 
 

49 Section 3.3.5 
Page 106 

The document lacks discussion of UCL guidance and how this guidance will be addressed in the 
assessment.  Greater details regarding the proposed approach for evaluating data to determine if it is 
appropriate to separate the river into individual sections will need to be submitted to EPA for review and 
approval.  In addition, it is important to consider whether the analysis will be based on fish tissue 
concentrations or modeled concentrations.  See also Comment 51.  
 

50 

Section 
3.3.5.1 

Pages 106 to 
107 

It is too soon to state definitively what exposure areas will be used for the HHRA, or the BERA, for any 
exposure pathway.  This will need to be determined once data from the sampling efforts has been evaluated.  
A proposed process for evaluating data and decision criteria for segmenting the data should be provided to 
EPA for review upon receipt of the data. 
 

51 

Section 
3.3.5.2 

Pages 108 to 
110 

a. The exposure point concentration (EPC) should be defined as the 95 percent UCL, or the recommended 
value from ProUCL, for both the Reasonable Maximum Exposure (RME) and Central Tendency 
Exposure (CTE) scenarios and not only for the RME individual as indicated in the Text..  This value 
represents the arithmetic average of the concentration that is contacted over the exposure period, 
accounting for uncertainty in the dataset.  

 
b. The document will need to provide greater information regarding the planned application of the market 

basket approach in the risk assessment i.e., source of data for determining fish consumption patterns 
and proposed apportionment.. 

 
c. The document will need to identify the proposed models that will be used in evaluating ambient air 

EPCs.  This proposal will need to be reviewed by the air modelers in EPA Region 2’s Air Programs. 
 
d. EPA is discussing the use of modeled data to develop EPCs internally and will provide our 

recommendation in the future. 
 
See also Comment 49. 
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52 
Section 3.4 

Pages 110 to 
111 

a. Consistent with the Cancer Guidelines, the application of Age Dependent Adjustment Factors (ADAFs)  
for chemicals with a mutagenic mode of action is appropriate in the calculation of risk for specific 
chemicals, such as PAHs.  Consistent with the Cancer Guidelines and Supplemental Guidance for 
Assessing Susceptibility for Early-Life Exposure to Carcinogens, the ADAFs should be applied in the 
calculation of the risks and also discussed in the uncertainty section of the report.  The document should 
clarify that the risks will be calculated for PAHs and associated chemicals with mutagenic modes of 
action, and that the results of this analysis will be discussed in the Risk Characterization/Uncertainty 
section of the report.   

 
b. As a point of clarification, consistent with the SAB recommendation in the Soil Screening Level 

Guidance, a child 1 to 6 years will be considered to have a chronic exposure.  
 
c. All Tier 3 toxicity values will need to be evaluated by EPA before their use in the assessment.  

Statements regarding use of provisional values that have not yet been peer-reviewed require further 
clarification regarding how these values will be obtained before they are peer-reviewed.  Until the 
values have completed peer-review and the peer-review comments are addressed, these values should 
not be used in the assessment.  Any use of Tier 3, surrogate values, etc. will need to be evaluated and 
approved by EPA before use in the assessment.   

 

53 Section 3.5.1 
Page 112 

The discussion of cancer should indicate that cancer is a disease process.  The term contract cancer should 
be replaced by the term develop cancer. 
 

54 
Section 3.5.1 
Pages 112 -

114 

a. EPA disagrees with the proposal to sum cancer risks based on carcinogenic endpoint/target organ.  
Cancer risks represent increased probabilities of developing the disease and concordance between 
cancer organ in animals and tumor sites in humans is not always established.  The cancer risks should 
be combined based on the calculated cancer risks of individual chemicals and not based on individual 
endpoints as suggested in the text on page 113.  The text should indicate that the risks from exposure to 
carcinogenic chemicals will be summed. 

 
b. The cumulative cancer risk estimated in the risk assessment is only one of several factors that risk 

managers consider in determining whether further evaluation or action is warranted on a Superfund site. 
Please remove the statement “If the cumulative carcinogenic risk for a receptor is less than 10-4, then no 
further evaluation or action is warranted based on potential carcinogenic risks.”  The discussion of the 
cancer risks does not acknowledge the need to consider non-cancer health effects in addition to cancer.  
For many of the chemicals of concern, cancer risks of 10-5 are associated with a non-cancer HI = 1 or 
more.  Therefore, the consideration of the cancer risks must also consider the non-cancer health 
hazards.  The NCP (40 CFR 300.430(e)(2) indicates that “For systemic toxicants, acceptable exposure 
levels shall represent concentration levels to which the human population, including sensitive 
subgroups, may be exposed without adverse effect during a lifetime or part of a lifetime, incorporating 
an adequate margin of safety …”.   In addition, the 1991 document, Role of the Baseline Risk 
Assessment states:  “Where the cumulative carcinogenic site risk to an individual based on reasonable 
maximum exposure for both current and future land use is less than 10-4 and the non-carcinogenic 
hazard quotient is less than 1, action generally is not warranted unless there are adverse environmental 
impacts….” 

 
a. The risk assessment should also include an analysis of cancer risks across multiple chemicals and 

pathways.  This should be specifically stated in the document. 
 

55 Section 3.5.2 
Page 114 

Potential exposures should be addressed across pathways, not just within a single pathway. 

56 
Section 3.6 

Pages 115 to 
118 

The document highlights that all of the assumptions made are conservative and potentially overestimate 
risks.  This statement is not correct.  Many chemicals lack toxicity information, which may result in an 
underestimate of risks.  Also, there are a number of pathways which are not quantified, such as ingestion of 
human breast milk, which may result in an underestimate of risk. 
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57 Section 3.6 
Page 115 

As was stated in the general comments, EPA does not recommend conducting a probabilistic risk 
assessment.  The current risks calculated in the FFS are already above the criteria identified in Section 2.3.2 
of RAGS Part III (see Pages 2-11 and 2-12, 
http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt complete.pdf)  
 

58 Section 3.6.4 
Page 117 

The discussion of pathogens from CSOs and SWOs should note that this analysis is outside of the 
Superfund program and that these risks are addressed by separate legislative mandates, such as the Clean 
Water Act.   
 

59 
Appendix A: 

General 
Comments 

a. In several places this document refers to risks to ‘wildlife’, and the assumption is that in this context 
wildlife refers to upper trophic level birds and mammals. It might be best to use the latter term to 
prevent any misunderstanding regarding receptors for which food web modeling will be performed. 

 
b. It is recommended that risks and other issues related to amphibians and reptiles be separated for these 

two vertebrate classes. Although they are commonly grouped together as ‘herps’, reptiles are in fact 
more closely related to birds than to amphibians. More importantly, it is expected that larval 
amphibians will form the basis of amphibian toxicity evaluations, and based on other information in 
associated documents, that reptiles will be represented primarily by turtles. There is no reason to 
suspect that turtle toxicity data will be related in any way to data based on tadpole or larval salamander 
data. 

 

60 
Appendix A 

Section 1 
Page 2 

The document states that a comparison of COPC and COPEC concentrations to regional urban background 
concentrations may be performed during the risk assessments to identify COPCs and COPECs influenced 
by LPRSA background sources.  As is stated in Section 8.6 of RAGS Part A, all background information 
should be confined to the Risk Characterization section of a risk assessment.  Comparison to background 
concentrations elsewhere in the assessments (i.e., selection of COPCs, etc.) is inconsistent with Agency 
guidance and is unacceptable.   
 

61 
Appendix A 

Section 2 
Page 3 

a. The first step in the screening process should be determining whether the compound is 
bioaccumulative.  All bioaccumulative compounds should be retained.  Then the 5% rule can be 
applied.  Note, however, that any statistical outliers should be evaluated as potential COPECs or hot 
spots.  

 
b. Please provide more detail on your rationale for evaluating COIs that have more than 10% of their RLs 

greater than screening levels in the uncertainty section. 
 

62 
Appendix A 

Section 2 
Pages 3 to 4 

The TRV discussion should be revised to indicate that the screening values and TRVs listed in the PAR and 
FFS and/or in tables we plan to provide shortly will be used as the initial values in the BERA.  Regarding 
the TRV document, it should start by using the values mentioned above, and then should identify those 
values that CPG feels are unacceptable.  Values that are identified as unacceptable should then have 
additional information provided with a recommended value for EPA to examine.  EPA has already agreed 
internally that the PAR and FFS values are acceptable, so this approach would, presumably, leave us with a 
short list of chemicals with their supporting evaluation to review. 
 

63 
Appendix A 
Section 2.3 

Page 7 

a. In contrast to what is stated here, not all invertebrates can metabolize PAHs.  PAHs must be evaluated 
in invertebrates. 

 
b. It is not clear why a sediment detection values is included in the flowchart on Page 7.  It is possible for 

contaminants to bioaccumulate through the food chain and be observed in tissue but not in sediment.  
The sediment parameter should be removed from this box and the subsequent text. 

 

64 
Appendix A 

Section 3 
Page 9 

Consistent with RAGs Part A, known human carcinogens should be included as chemicals of concern 
regardless of the detected concentration. 
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65 
Appendix A 
Figure 3-1 
Page 10 

a. The potential use of surrogate data in the assessment of chemical toxicity information will need to be 
reviewed by EPA before it is used in the assessment.  As has been noted previously, this review could 
be a very lengthy process. 

 
b. Footnote a should state that all known carcinogens will be retained as COPCs. 
 
c. Footnote b suggests consideration of species’ home ranges when evaluating detection frequency in 

sediment.  Typically, the maximum concentration is used in the evaluation of Chemicals of Potential 
Concern.  It is unclear why this evaluation is being further reduced for the analysis.  This comment also 
applies to Figure 2-2.    

   

66 
Appendix A 
Section 3.2 

Page 11 

Footnote #2 requires further clarification regarding why there are going to be multiple selection processes 
for chemicals of concern. 
 

67 

Appendix A 
Section 3.2 

and  
Figure 3-1 

 

Even if a chemical is elevated only locally in sediment, it may still contribute to accumulation in fish or 
crab tissue. Therefore, if a chemical is detected in greater than 5 percent of tissue samples it should be 
retained as a chemical of potential concern (COPC) in both tissue and sediment, even if it was detected in 
less than 5 percent of sediment samples. If an argument can be made that the presence of that COPC in 
tissue is due in part to exposures outside the study area, the argument should be made in the uncertainty 
section of the risk assessment. Please revise the text and figure accordingly.   
 

68 

Appendix A 
Section 3.3.1 
Pages 12 to 

13 

EPA regional screening levels (RSLs) for residential soil should be used to screen surface sediment without 
modification to adjust for recreational exposures under a recreational scenario.  Some residential properties 
directly abut the river, so residential soil RSLs are not overly conservative for identifying sediment COPCs. 
Please revise the text accordingly.  As discussed in the document, for the evaluation of Chemicals of 
Concern, the residential soil levels for cancer risk are set a a risk level of 10-6 or an HI = 0.1.   The selection 
of COPCs is based on risk based values and not SQLs or background concentrations. 
 
As is stated in Comment 51, a proposed process for evaluating data and decision criteria for segmenting the 
data should be provided to EPA for review upon receipt of the data. 
 

69 

Appendix A 
Section 3.3.1 
Pages 13 to 

14 

EPA agrees with using the tap water residential screening levels with appropriate modifications as indicated 
in the document.  Comparison to values such as MCLs, Naitonal Recommended Water Qualtiy Critera and 
Surface Water Quality Standards may be included in the Remedial Investigation Report and not in the 
comparisons.   
 

70 Appendix B 
General 

In the next draft, this appendix should focus on determining what data is available above Dundee Dam that 
is not influenced by industrial sources and how potential background areas will be identified.   The plan for 
sampling these areas and reviewing the data to identify background locations should also be described.   
 

71 
Appendix B 

Section 4 and 
Table 4-1 

Is fish community structure a component of the background evaluation? That parameter is not listed here, 
and if it is not a component of the background evaluation, please discuss the rationale. 
 

72 
Appendix B 
Section 5 
Page 8 

Microbial exposures present a very different type of risk to human health from toxic chemical exposures, 
and are beyond the authority of the CERCLA program.  As such, an evaluation of risk from exposure to 
pathogens is not part of the CERCLA risk management decision process and should not be included in the 
risk assessments for this project. 
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73 
Appendix C 
Table 1-2 

Page 3 

a. Some of the diets shown on this table appear unreasonable. For example, the diet for largemouth bass is 
shown to include 50 percent blue crab. Largemouth bass are primarily piscivores, and although blue 
crab might be considered representative of other benthic invertebrates (e.g., aquatic insects) that may be 
consumed by immature bass, a diet of half crab is unreasonable for largemouth bass. Even if crabs are 
representative of crayfish, as stated later in this document, the consumption of substantial amounts of 
crayfish is likely seasonal and fish are expected to comprise most of the annual diet. Also, darter and 
killifish are unlikely to comprise much of the bass diet (based primarily on preferred habitats of each), 
and reducing this fraction from the current 10 percent may be appropriate. 

 
b. Table 1-2 lists the primary food (96 percent) for the great blue heron is small fish. Blue crab accounts 

for the other 4 percent. This does not accurately represent the diet of a great blue heron. There also 
should be a percentage of the diet designated as other aquatic invertebrates, aquatic insects, and to a 
lesser extent amphibians, reptiles, and small birds. 

 
d. Table 1-2 lists the spotted sandpiper diet as limited to two worms depending whether it is in freshwater 

or estuarine habitat. The diet should be expanded to include aquatic insects and small crustaceans. 
 

74 
Appendix C 
Section 3 
Page 6 

This section will need to be updated to match the species caught during the summer 2010 sampling event. 

75 
Appendix C 
Section 4 
Page 9 

The white perch diet percentages do not seem to match the diet percentages listed in Table 1-2.  For 
example, the text on page 9 indicates mummichogs make up 17% of the white perch diet (with 15% being 
identified as the value that will be used).  However, Table 1-2 has 7.5% listed as the diet percentage.  Table 
1-2 should be updated to match the information provided in the text. 
 

76 
Appendix C 
Section 5 
Page 10 

Throughout the appendix it is mentioned that body weights will only be based upon those fish that undergo 
chemical analysis.  Please provide a rationale for this, as it seems that a better approach would be to use all 
of the fish data that was collected during the fish community surveys.  Table 5-1 also uses this approach. 
 

77 
Appendix C 
Section 6.2 

Page 13 

Given that eels dwell within the sediment and feed upon benthic organisms for a large portion of their diet, 
an incidental sediment ingestion rate of greater than 5% is recommended.  Please provide adequate 
references for the incidental sediment ingestion rates. 
 

78 
Appendix C 
Section 6.4 

Page 15 

The site-use factor for American eel is listed as 0.75 instead of 1.  While it is true that they do not spend 
their entire life in the Passaic River, a factor of 0.75 may be an underestimate.  For example, if they live for 
20 years and one year is spent in the ocean traveling to their coastal river, then the site-use factor would be 
0.95.  To be conservative, a site-use factor of 1 should be used. 
 

79 
Appendix C 
Section 7.3 

Page 16 

The diet proposed for largemouth bass may need to be revised to reduce the blue crab portion of the diet 
(currently shown as 0.50). A higher allocation of fish in the diet may be more appropriate since largemouth 
bass are primarily piscivores.   
 

80 
Appendix C 
Section 8.5 

Page 19 

It is mentioned in the last sentence of this section that “A sensitivity analysis will be conducted to evaluate 
varying portions of these two surrogate prey items in the sandpiper diet.” More explanation is needed with 
regard to what the results of the sensitivity analysis will do to improve the ecological risk assessment. What 
would be useful would be to evaluate what other food sources of the sandpiper diet are available besides the 
worms. Assuming the sandpiper diet is composed 100% of worms may lead to inaccurate conclusions in the 
ecological risk assessment. The surrogate diets should accurately represent what sandpipers in the study will 
be ingesting. 
 

81 
Appendix C 
Section 8.6 

Page 19 

A site use factor of 0.75 is assigned to the spotted sandpiper in this section due to the seasonal use of the 
study area. It should be explained that the spotted sandpiper’s breeding range is in the study area but it 
spends the winter in Central and South America. 
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82 
Appendix C 
Section 9  
Page 20 

This section is titled Heron/Egret, which is inconsistent with other similar titles in this appendix. Others are 
listed as species-specific receptors, and these are assumed to be representative of other species within the 
same feeding guild. For this section, it would be more consistent for the title to be Great Blue Heron, and 
the subsequent discussion can confirm that this species is representative of herons and egrets. Or, all other 
sections can be titled with the representative feeding guild, such as Piscivorous Pelagic Fish, Benthic 
Omnivorous Fish, etc. 
 
Further, the exact ROC should be modified based on the results of the avian survey (i.e., may want to use a 
small heron, green heron, or black-crowned heron instead/in addition to the Great Blue). 
 

83 
Appendix C 
Section 9.5 

Page 21 

Blue crab is assumed to be 4 percent of the great blue heron diet in the study area. It is important to 
understand the diversity of diet that herons and egrets display based on food availability. If small fish are 
not available they will feed on other items to a significant degree including crabs. The assessment may need 
to assume a higher portion of crab if sampling efforts indicate limited availability of small fish (e.g., 
mummichog). 
 

84 
Appendix C 
Section 9.6 

Page 22 

Based on observations made during the forage fish sampling event, black-crowned night herons were 
observed more frequently than great blue herons on the Passaic River.  Although the great blue heron was 
previously identified as the surrogate for heron/egrets, it is recommended to include risk calculations for 
both the great blue heron and black-crowned heron in the ecological risk assessment.  This will provide 
estimates for larger herons/egrets as well as smaller herons/egrets, which may have different risks based on 
their smaller size and increased metabolic rates.  For both species, a site-use factor of 1 should be used for 
the initial calculations. 
 

85 
Appendix C 
Section 11.6 

Page 28 

The site-use factor for the river otter is listed as 0.25 instead of 1.  The rationale provided for selecting 0.25 
does not seem appropriate.  The rationale indicates that river otters have a large home range (up to 19 miles) 
and that they are not observed in the river system so their use of the site is low.  While these are important 
factors, the information that is missing is the proximity of the Passaic River to other river systems.  If there 
were other water bodies within a 6-19 mile radius and greenways for them to migrate between the different 
systems, then a lower use factor may be appropriate.  However, if a river otter were to use the Passaic River, 
it would likely only have the river length to migrate up and down (note that we have a 17.4 mile stretch of 
river defined as the site, which is similar to the 19 mile home range), and therefore would spend much more 
time in the river system.  A site-use factor of 0.75 should be used. 
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

Current/Future Biota Tissue Fish Tissue Angler Child (1 to 6 years 
old)

Ingestion Quantitative

Adolescent (7 to 18 
years old)

Ingestion Quantitative

Adult (>18 years 
old)

Ingestion Quantitative

Crab/shellfish 
Tissue

Angler Child (1 to 6 years 
old)

Ingestion Quantitative

Adolescent (7 to 18 
years old)

Ingestion Quantitative

Adult (>18 years 
old)

Ingestion Quantitative

Turtles, ducks, 
etc.

Angler Child (1 to 6 years 
old)

Ingestion Qualitative

Adolescent (7 to 18 
years old)

Ingestion Qualitative

Adult (>18 years 
old)

Ingestion Qualitative

Fish/crab/other 
species

Fish/crab/other 
species

Transient 
Person

Multiple ages Ingestion Qualitative Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Sediment Angler Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

River Sediment, 
Mudflat 

Sediment (1)

Fish from 17-mile 
stretch of Passaic 

River

Crabs from 17-
mile stretch of 
Passaic River

Other species 
from 17-mile 

stretch of Passaic 
River

17-mile stretch of 
Passaic River

Angler may contact sediment while fishing or crabbing from the 
river bank. Assumes that young children (1 to 6 years) would not 
typically accompany adult anglers due to safety concerns. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present.

Adolescent (7 to 18 
years old)

Site-related contaminants have been detected in fish. Studies 
have found that despite Fish Advisories, individuals do fish in the 
study area. Assumes receptor will consume fish caught from 
Passaic River and share it with family members.

Site-related contaminants have been detected in crabs/shellfish. 
Studies have found that despite Fish Advisories, individuals do 
collect crabs from the study area. Assumes receptor will 
consume crabs/shellfish gathered from Passaic River and share 
them with family members.

Limited data; ingestion of animals other than Passaic River 
fish/crabs likely to be minimal.

Adult (>18 years 
old)

Note: River 
segments may be 
defined following 
review of data
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

   
   

        
           
         

       

Current/Future Sediment Swimmer Incidental Ingestion Quantitative

(continued) Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Wader Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Adult (>18 years 
old)

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Boater Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Worker Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Recreational boating is included in the designated uses of the 
Passaic River throughout the study area (FW2-NT, SE2, SE3) 

(2), and could include kayaking, canoeing, rowing/sculling. Eight 
high school sculling teams and two boating clubs use the river for 

rowing. Children (ages 7 to 13 years) may also participate in 
recreational boating. Docks are typically used, but boaters may 
occasionally contact sediment when a boat flips and wading is 

necessary. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

17-mile stretch of 
Passaic River

River Sediment, 
Mudflat 

Sediment (1) 

Teen (14 to 18 
years old)

Adolescent (7 to 18 
years old)

Swimming is included in the designated uses of the freshwater 
portion of the river from the confluence with Second River to 
Dundee Dam (i.e., RM 8 to RM 17) (FW2-NT) (2). Swimming 
could also occur in other portions of the river. Swimmers may 
contact sediment while entering and leaving the river and while 
swimming. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

Child (1 to 6 years 
old)

Older child (7 to 13 
years old)

Adult (>18 years 
old)

Adult (>18 years 
old)

Adult (>18 years 
old)

Adolescent (7 to 18 
years old)

Child (1 to 6 years 
old)

Note: River 
segments may be 
defined following 
review of data

Families visiting riverside parks may contact sediment along the 
river. Inhalation may occur if activities are in mudflat areas and 
volatiles are present.

Workers may be tasked with collecting shoreline trash or other 
work that leads to contact with sediment along the river. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present. Contact with surface water is not typically 
expected to occur.



A Page 3 of 4 2/8/2011

TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

   
   

        
           
         

       

Current/Future Sediment Resident Incidental Ingestion Quantitative

(continued) Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

Suface Water Suface Water Angler Adolescent (7 to 18 
years old)

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Swimmer Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Adult (>18 years 
old)

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Child (1 to 6 years 
old)

Adult (>18 years 
old)

Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Multiple agesTransient 
Person

Child (1 to 6 years 
old)

Angler may contact surface water while fishing or crabbing from 
the river bank. Assumes that young children (1 to 6 years) would 
not typically accompany adult anglers due to safety concerns. 
Inhalation may occur if volatiles are present.

Residential properties are located adjacent to the river, 
especially above RM 10. Residents may contact river sediment 
during daily activities.

Adult (>18 years 
old)

Swimming is included in the designated uses of the freshwater 
portion of the river from the confluence with Second River to 
Dundee Dam (i.e., RM 8 to RM 17) (FW2-NT) (2). Swimming 
could also occur in other portions of the river. Swimmers may 
contact surface water while swimming. Inhalation may occur if 
volatiles are present.

River Sediment, 
Mudflat 

Sediment (1) 

17-mile stretch of 
Passaic River 

17-mile stretch of 
Passaic River

Note: River 
segments may 

defined following 
review of data

Adolescent (7 to 18 
years old)
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TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

   
   

        
           
         

       

Current/Future Suface Water Suface Water Wader Incidental Ingestion Quantitative

(continued) Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Boater Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Resident Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Quantitative

Dermal Contact Quantitative

Inhalation of Vapors Quantitative

Incidental Ingestion Qualitative

Dermal Contact Qualitative

Inhalation of Vapors Qualitative

RM = River Mile
(1) River sediment is defined as nearshore sediment under 2 feet of water or less at mean low water. 
(2) NJAC 7:9B Surface Water Quality Standards classification for the Passaic River:

Adolescent (7 to 18 
years old)

17-mile stretch of 
Passaic River

Child (1 to 6 years 
old)

Adult (>18 years 
old)

Note: River 
segments may 

defined following 
review of data

  - Mouth of river to Second River (RM 0 to RM 8) is classified as saline-estuarine 3 (SE3). Designated use for SE3 water includes secondary contact recreation: recreational activities where the probability of water 
ingestion is minimal and includes, but is not limited to, boating and fishing.

Evidence of homeless camps has been observed in the study 
area. Limited exposure pattern data would make quantification 
highly uncertain. Potential risks relative to other receptors will be 
discussed in the uncertainty section.

Older child (7 to 13 
years old)

Adult (>18 years 
old)

  - Second River to Dundee Dam (RM 8 to RM 17) is classified as freshwater 2 non-trout (FW2-NT) and saline-estuarine 2 (SE2). Designated use for FW2-NT and SE2 water includes secondary contact recreation 
(e.g., boating and fishing). Designated use for FW2-NT water also includes primary contact recreation: recreational activities that involve significant ingestion risks and includes, but is not limited to, wading, 
swimming, diving, surfing, and water skiing.

Transient 
Person

Multiple ages

Residential properties are located adjacent to the river, 
especially above RM 10. Surface water from the river is not used 
as a domestic water supply. Residents may contact surface 
water during recreational activities near their homes.

Families visiting riverside parks may contact surface water along 
the river. Inhalation may occur if activities are in mudflat areas 
and volatiles are present.

Child (1 to 6 years 
old)

Adult (>18 years 
old)

Teen (14 to 18 
years old)

Recreational boating is included in the designated uses of the 
Passaic River throughout the study area (FW2-NT, SE2, SE3) 
(2), and could include kayaking, canoeing, rowing/sculling. Eight 
high school sculling teams and two boating clubs use the river for 
rowing.  Children (ages 7 to 13 years) may also participate in 
recreational boating. Boaters may contact surface water while 
boating and occasionally when entering or leaving their crafts. 
Inhalation may occur if activities are in mudflat areas and 
volatiles are present.
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TABLE 4-1

VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS
Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Fish tissue

Exposure Medium: Fish tissue

Value Rationale/ Reference Value Rationale/ Reference

Ingestion Angler Child Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 8 1/3 the adult ingestion rate (EPA 
1997)

3 1/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
d   

365 Fish ingestion rate already averaged 
  ED Exposure Duration years 6 EPA default (EPA 1991) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (years) x 365 days/year 1,095 ED (years) x 365 days/year

Adolescent Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 17 2/3 the adult ingestion rate (EPA 
1997)

5 2/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
averaged over one year

365 Fish ingestion rate already averaged 
over one year

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (years) x 365 days/year 2,190 ED (years) x 365 days/year

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME
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TABLE 4-1

VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS
Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Fish tissue

Exposure Medium: Fish tissue

Value Rationale/ Reference Value Rationale/ Reference

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME

Ingestion Angler Adult Fish Cf Chemical Concentration in Fish mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cf x CF x IRf x FI x (1-Loss) x EF x ED x 

IRf Ingestion Rate of Fish g/day 26 EPA 1997 8 EPA 1997 1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in Fish

chemical-specific EPA 2000

EF Exposure Frequency days/year 365 Fish ingestion rate already 
averaged over one year

365 Fish ingestion rate already averaged 
over one year

ED Exposure Duration years 24 EPA 1989, 1991 (2) 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (years) x 365 days/year 3,285 ED (years) x 365 days/year

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

(1) Based on age group of receptor

(2) Based on standard default of 30 years upper bound residential tenure at one location, minus the years spent as young child

Sources:

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2000: Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories. Volume 2: Risk Assessment and Fish Consumption Limits - Third Edition. Appendix C. EPA 823-B-00-008.

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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TABLE 4-2
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Crab tissue

Exposure Medium: Crab tissue

Value Rationale/ Reference Value Rationale/ Reference

Ingestion Angler Child Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 8 1/3 the adult ingestion rate (EPA 
1997)

5 1/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in crab

0 Assumes 100% chemical remains 
in crab

EF Exposure Frequency days/year 365 Crab ingestion rate already 
averaged over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 6 EPA default (EPA 1991) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 15 2/3 the adult ingestion rate (EPA 
1997)

11 2/3 the adult ingestion rate (EPA 
1997)

1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in crab

0 Assumes 100% chemical remains 
in crab

EF Exposure Frequency days/year 365 Crab ingestion rate already 
averaged over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME
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TABLE 4-2
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Crab tissue

Exposure Medium: Crab tissue

Value Rationale/ Reference Value Rationale/ Reference

Exposure 
Route

Receptor 
Population Receptor Age Exposure 

Point

CTE
Intake EquationParameter 

Code Parameter Definition Unit
RME

Ingestion Angler Adult Crab Cb Chemical Concentration in Crab mg/kg wet weight chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF Conversion Factor kg/g 1E-03 -- 1E-03 -- Cb x CF x IRb x FI x (1-Loss) x EF x ED x 

IRb Ingestion Rate of Crab g/day 23 Burger 2002 16 Burger 2002 1/BW x 1/AT

FI Fraction from source unitless 1 Assumes 100% exposure is from 
Passaic River

1 Assumes 100% exposure is from 
Passaic River

Loss Cooking Loss g/g 0 Assumes 100% chemical remains 
in crab

0 Assumes 100% chemical remains 
in crab

EF Exposure Frequency days/year 365 Crab ingestion rate already 
averaged over one year

365 Crab ingestion rate already 
averaged over one year

ED Exposure Duration years 24 EPA 1989, 1991 (2) 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males 
and females (EPA 1989)

70 Mean adult body weight, males 
and females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

(1) Based on age group of receptor

(2) Based on standard default of 30 years upper bound residential tenure at one location, minus the years spent as young child

Sources:

  Burger 2002: Consumption Patterns and Why People Fish. Environmental Research. Section A 90, 125-135

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F



A Page 1 of 14 2/8/2011

TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Incidental Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 100 50% of the default residential child 
soil IR (EPA 1991)

50 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Swimmer Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 100 50% of the default residential child 
soil IR (EPA 1991)

50 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Wader Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 13 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential child 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Boater Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (14 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 50% of the default residential adult 
soil IR (EPA 1991)

25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 50 EPA 1991 25 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 50 1 day/week, 50 weeks/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 9,125 ED (year) x 365 days/year 2,555 ED (year) x 365 days/year
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Incidental Resident Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

Ingestion (1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

(continued) IR-S Ingestion Rate of Sediment mg/day 200 Default for residential soil (EPA 1991) 100 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x IR-S x EF x ED x 

IR-S Ingestion Rate of Sediment mg/day 100 Default for residential soil (EPA 1991) 50 50% of RME 1/BW x 1/AT

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Dermal Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year
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VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project
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Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Angler Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,600 EPA 2004 6,600 EPA 2004 EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.7 50% value for 1-6 year old (shoreline 
play): hands, lower legs, forearms, 

face, and feet (EPA 2008)

4.7 50% value for 1-6 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 14,800 Mean value for male/female 7-18 
years (EPA 2008)

14,800 Mean value for male/female 7-18 
years (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year
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Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment
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Code Parameter Definition Intake EquationExposure 
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RME CTE

Dermal Swimmer Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 18,000 Ave male/female 50th percentile 
(EPA 1997, 2004)

18,000 Ave male/female 50th percentile 
(EPA 1997, 2004)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 year 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 
year old: hands, lower legs, 

forearms, feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.7 50% value for 1-6 year old (shoreline 
play): hands, lower legs, forearms, 

face, and feet (EPA 2008)

4.7 50% value for 1-6 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

5,100 Mean value for male/female 7-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

4.8 50% value for 7-18 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (year) x 365 days/year 2,190 ED (year) x 365 days/year
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Medium:   Sediment

Exposure Medium: Sediment
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Dermal Wader Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 13year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 4,400 Mean value for male/female 7-13 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

4,400 Mean value for male/female 7-13 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.9 50% value for 7-13 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

4.9 50% value for 7-13 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,000 Mean value for male/female 14-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

6,000 Mean value for male/female 14-18 
years: hands, lower legs, forearms, 

feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year
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Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment
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Code Parameter Definition Intake EquationExposure 
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Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Boater Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 3,300 face, forearms, hands (EPA 2002) 3,300 face, forearms, hands (EPA 2002) EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 50 1 day/week, 50 wks/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 9,125 ED (year) x 365 days/year 2,555 ED (year) x 365 days/year
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Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Dermal Resident Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 year 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 
year old: hands, lower legs, 

forearms, feet, and face (EPA 2008)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 4.7 50% value for 1-6 year old (shoreline 
play): hands, lower legs, forearms, 

face, and feet (EPA 2008)

4.7 50% value for 1-6 year old 
(shoreline play): hands, lower legs, 
forearms, face, and feet (EPA 2008)

ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (year) x 365 days/year 1,095 ED (year) x 365 days/year

Resident Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 year) CF1 Conversion Factor 1 kg/mg 1E-06 -- 1E-06 -- CS x CF1 x SA x AF x ABS x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (EPA 1997)

6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, 

and face (EPA 1997)

EF x ED x 1/BW x 1/AT

AF Adherence Factor mg/cm2 0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and feet

0.3 50% value for adult (reed gatherer): 
hands, lower legs, forearms, and 

feet
ABS Absorption Factor unitless Chemical-specific EPA 2004 Chemical-specific EPA 2004

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and 
females (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (year) x 365 days/year 3,285 ED (year) x 365 days/year

Inhalation Angler Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific Exposure Concentration (EC) (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Angler Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 

(continued) (>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day

Swimmer Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(1 to 6 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Swimmer Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 

(continued) (>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming 
(EPA 1989)

CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day

Wader Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(1 to 6 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adolescent Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(7 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 39 3 days/week, 3 month/year 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (year) x 365 days/year x 24 
hrs/day

52,560 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 4.0 (2) 2.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day
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TABLE 4-3
VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

Inhalation Boater Older Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 

(continued) (7 to 13 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 13 1 day/week, 3 months/year 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 61,320 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Teen Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(14 to 18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 4 1 day/month, 3.5 months 2 Approximately 50% of RME

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 43,800 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 1.0 (2) 0.5 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 9 1 day/month, 8.5 months 4 Approximately 50% of RME

ED Exposure Duration years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day

Worker Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 8.0 (2) 4.0 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 50 1 day/week, 50 wk/year 25 50% of RME

ED Exposure Duration years 25 EPA 1991 7 EPA 1997

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 219,000 ED (year) x 365 days/year x 24 
hrs/day

61,320 ED (year) x 365 days/year x 24 
hrs/day

Inhalation Resident Child Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
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VALUES AND EQUATIONS USED FOR DAILY INTAKE CALCULATIONS

Lower Passaic River Restoration Project

Lower Passaic River Study Area, New Jersey
 

Scenario Timeframe:  Current/Future

Medium:   Sediment

Exposure Medium: Sediment

Value Rationale/ Reference Value Rationale/ Reference

Parameter 
Code Parameter Definition Intake EquationExposure 

Route
Receptor 

Population Receptor Age Exposure 
Point Unit

RME CTE

(continued) (1 to 6 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 8 (2) 8 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (year) x 365 days/year x 24 
hrs/day

26,280 ED (year) x 365 days/year x 24 
hrs/day

Adult Sediment CS Chemical Concentration in Sediment mg/kg chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) = 
(>18 year) Vapors CA Chemical Concentration in Air µg/m3 Calculated Calculated Calculated Calculated CA x ET x EF x ED x 1/AT

CF1 Conversion Factor 1 µg/mg 1E-03 -- 1E-03 -- where:

ET Exposure Time hrs/day 8 (2) 8 (2) CA = CF1 x CS/VF for vapor

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure 
(EPA 1991)

EDa Exposure Duration - adult years 24 EPA 1989, 1991 9 EPA 1989

VF Volatilization Factor m3/kg Chemical-specific EPA 2002 Chemical-specific EPA 2002

AT-C Averaging Time (Cancer) hrs 613,200 70-year lifetime x 365 days/year x 24 
hrs/day

613,200 70-year lifetime x 365 days/year x 24 
hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (year) x 365 days/year x 24 
hrs/day

78,840 ED (year) x 365 days/year x 24 
hrs/day

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure; EC = Exposure Concentration

(1) Based on age group of receptor

(2) Professional judgment

Sources:

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 1997: Exposure Factors Handbook. Vol. 1: General Factors. ORD. EPA/600/P-95/002Fa

  EPA 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005

  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

Ingestion Angler Adolescent CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/g chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Swimmer Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.05 EPA 1989 0.05 EPA 1989

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.05 EPA 1989 0.05 EPA 1989

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Surface Water

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Ingestion Swimmer Adult CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.05 EPA 1989 0.05 EPA 1989

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Wader Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Ingestion Boater Older Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (7 to 13 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Teen Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Resident Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 26 2 days/week, 3 months/yr 13 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Ingestion Resident Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x IR-W x EF x ED x 1/BW x 1/AT

IR-W Ingestion Rate of Water L/day 0.025 (2) 0.025 (2)

EF Exposure Frequency days/year 26 2 days/week, 3 months/yr 13 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Dermal Angler Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Swimmer Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,600 EPA 2004 6,600 EPA 2004 1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 14,800 Mean value for male/female 7-18 yrs 
(EPA 2008)

14,800 Mean value for male/female 7-18 yrs (EPA 
2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 18,000 Average male/female 50th percentile 
(USEPA 1997, 2004)

18,000 Ave male/female 50th percentile (USEPA 
1997, 2004)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2.6 National average for swimming (EPA 
1989)

2.6 National average for swimming (EPA 1989)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Wader Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 yr 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 yr old: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adolescent Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(7 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

5,100 Mean value for male/female 7-18 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

BW Body Weight kg 52 EPA 2008 52 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 4,380 ED (yr) x 365 days/year 2,190 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1.0 (2) 0.5 (2)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Boater Older Child CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (7 to 13 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 4,400 Mean value for male/female 7-13 yrs: 
hands, lower legs, forearms, feet, and 

face (EPA 2008)

4,400 Mean value for male/female 7-13 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

BW Body Weight kg 41 EPA 2008 41 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,555 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Teen Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(14 to 18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,000 Mean value for male/female 14-18 
yrs: hands, lower legs, forearms, feet, 

and face (EPA 2008)

6,000 Mean value for male/female 14-18 yrs: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

BW Body Weight kg 66 EPA 2008 66 EPA 2008

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 1,825 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 2 (3) 1.5 (3)

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year

Surface Water
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Dermal Resident Child Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(continued) (1 to 6 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SA Skin Surface Area Available for Contact cm2 2,500 Mean value for male/female 1-6 yr 
old: hands, lower legs, forearms, feet, 

and face (EPA 2008)

2,500 Mean value for male/female 1-6 yr old: 
hands, lower legs, forearms, feet, and face 

(EPA 2008)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1 (2) 0.5 (2)

EF Exposure Frequency days/year 26 2 days/week, 3 months/yr 13 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

BW Body Weight kg 15 Mean child weight (EPA 1989) 15 Mean child weight (EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 2,190 ED (yr) x 365 days/year 1,095 ED (yr) x 365 days/year

Adult Surface Water CW Chemical Concentration in Water µg/L chemical-specific chemical-specific chemical-specific chemical-specific Intake (mg/kg-day) =

(>18 yr) CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 -- CW x CF1 x SA x PC x CF2 x ET x EF x ED x

SAa Skin Surface Area Available for Contact cm2 6,100 Ave male/female 50th percentile: 
hands, lower legs, forearms, feet, and 

face (USEPA 1997)

6,100 Ave male/female 50th percentile: hands, 
lower legs, forearms, feet, and face 

(USEPA 1997)

1/BW x 1/AT

PC Permeability Coefficient cm/hr Chemical-specific EPA 2004 Chemical-specific EPA 2004

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ET Exposure Time hrs/day 1 (2) 0.5 (2)

EF Exposure Frequency days/year 26 2 days/week, 3 months/yr 13 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

BW Body Weight kg 70 Mean adult body weight, males and 
females (EPA 1989)

70 Mean adult body weight, males and females 
(EPA 1989)

AT-C Averaging Time (Cancer) days 25,550 70-year lifetime x 365 days/year 25,550 70-year lifetime x 365 days/year

AT-N Averaging Time (Noncancer) days 8,760 ED (yr) x 365 days/year 3,285 ED (yr) x 365 days/year
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Angler Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific Exposure Concentration (EC) (µg/m3) =

(continued) (7 to 18 yr) Vapors ET Exposure Time hrs/day 4.00 (2) 2.00 (2) CA x  ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 4.00 (2) 2.00 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

Swimmer Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(1 to 6 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 18 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 2.6 National average for swimming (EPA 

1989)
2.6 National average for swimming (EPA 1989) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Wader Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =

(continued) (1 to 6 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Adolescent Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 18 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 39 3 day/week, 3 months/yr 20 Approximately 50% of RME

ED Exposure Duration years 12 (1) 6 EPA default (EPA 1991)

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 105,120 ED (yr) x 365 days/year x 24 hrs/day 52,560 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 4 (2) 2 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

Boater Older Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(7 to 13 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 13 1 day/week, 3 months/yr 7 Approximately 50% of RME

ED Exposure Duration years 7 (1) 3 Approximately 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 61,320 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Teen Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(14 to 18 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 98 7 days/wk for 14 weeks (3) 70 5 days/wk for 14 weeks (3)

ED Exposure Duration years 5 (1) 3 Approximately 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 43,800 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day
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TABLE 4-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Scenario Timeframe:  Current/Future

Medium:   Surface Water

Exposure Medium: Surface Water

    
Exposure Receptor Receptor Exposure Point Parameter Parameter Definition Unit

Route Population Age Code  

 

Lower Passaic River Study Area, NJ

Lower Passaic River Study Area, New Jersey

RME CTE
Intake Equation

Value Reference Value Reference

Inhalation Boater Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =

(continued) (>18 yr) Vapors ET Exposure Time hrs/day 2 (3) 1.5 (3) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 259 7 days/wk for 37 weeks (3) 111 3 days/wk for 37 weeks (3)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

Resident Child Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(1 to 6 yr) Vapors ET Exposure Time hrs/day 24 (2) 24 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure (EPA 1991)

ED Exposure Duration years 6 EPA 1991 (1) 3 50% of RME

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 52,560 ED (yr) x 365 days/year x 24 hrs/day 26,280 ED (yr) x 365 days/year x 24 hrs/day

Adult Surface Water CA Chemical Concentration in Air µg/m3 chemical-specific chemical-specific chemical-specific chemical-specific EC (µg/m3) =
(>18 yr) Vapors ET Exposure Time hrs/day 24 (2) 24 (2) CA x ET x EF x ED x 1/AT

EF Exposure Frequency days/year 350 Default for residential exposure (EPA 
1991)

350 Default for residential exposure (EPA 1991)

ED Exposure Duration years 24 USEPA 1989, 1991 9 USEPA 1989

AT-C Averaging Time (Cancer) hrs 613,200 70-yr lifetime x 365 days/year x 24 
hrs/day

613,200 70-yr lifetime x 365 days/year x 24 hrs/day

AT-N Averaging Time (Noncancer) hrs 210,240 ED (yr) x 365 days/year x 24 hrs/day 78,840 ED (yr) x 365 days/year x 24 hrs/day

RME = Reasonable Maximum Exposure.

CTE = Central Tendency Exposure
(1) Based on age group of receptor

(2) Professional judgement

(3) Based on information provided by rowing clubs that use the Passaic River

Sources:

  EPA 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002

  EPA 1991: Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors", OSWER Directive 9285.6-03

  EPA 2002: Supplemental Guidance Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24

  EPA 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment. EPA/540/R/99/005
  EPA 2008: Child Specific Exposure Factors Handbook. EPA 600/R-06/096F
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Technical Memorandum  
Exposure Parameter Assumptions for the LPRSA Human 

Health Risk Assessment 
 

1.0 Introduction 
Potential exposure pathways, exposure routes, and potentially exposed receptors   
under current and future land-use scenarios have previously been identified in the 
Lower Passaic River Study Area (LPRSA) Human Health and Ecological Risk 
Assessment Streamlined 2009 Problem Formulation Document (PFD) (Windward 
Environmental and AECOM 2009).  This memorandum summarizes and updates the 
exposure pathways and receptors. In addition, this technical memorandum provides 
exposure parameters for exposure scenarios that will be quantified in the risk 
assessment. The exposure pathways and receptors, and the exposure parameters are 
presented in tabular form in accordance with the tables in Risk Assessment Guidance for 
Superfund (RAGS) Part D (EPA 2001). 
This work has been developed using site-specific information and in accordance with 
the following EPA guidance documents and other guidelines, guidance and policies: 
� Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Part A 
(EPA 1989) 

� Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 
Factors (EPA 1991) 

� Exposure Factors Handbook, Volumes I, II, and III (EPA 1997) 
� Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Part D 
(EPA 2001a) 

� Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Part E, 
Supplemental Guidance for Dermal Risk Assessment (EPA 2004) 

� Child-Specific Exposure Factors Handbook (EPA 2008) 
Existing plans for redevelopment and restoration generally call for improvement 
and/or expansion of existing parks and open space along the river. Such 
improvement could lead to potential greater use of the river than currently occurs. 
Exposure assumptions presented here are considered to be applicable to both current 
and future exposures under baseline conditions in the absence of remedial actions or 
Institutional Controls, accounting for increased usage following aesthetic 
improvements.  
The application of the specific exposure variables for sediment and surface water will 
be evaluated based on an analysis of the data. 
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2.0 Selection of Exposure Pathways and Receptors 
Potential exposure pathways, exposure routes, and potentially exposed receptors 
under current and future land-use scenarios have previously been identified in the 
LPRSA Human Health and Ecological Risk Assessment Streamlined 2009 PFD 
(Windward Environmental and AECOM 2009). The exposure receptors and exposure 
pathways that are considered to be potentially complete and will be evaluated as part 
of the assessment of exposure to contaminants at the site are summarized in RAGS 
Part D (EPA 2001) Table 1 format (attached as Table 1). 

3.0 Exposure Parameter Assumptions 
The following sections identify the exposure parameters and summarize the basis for 
their selection. Exposure scenarios are based on reasonable maximum exposure 
(RME); risks based on central tendency exposure (CTE) will be calculated only if RME 
risks exceed EPA’s threshold risk range (i.e., cancer risk range of 1×10-6 to 1×10-4 or 
hazard index [HI] of 1.0). In general, the RME is a plausible estimate of the individual 
risk for those persons at the upper end of the risk distribution. CTE parameters are 
also developed to provide estimates representing average exposures. 
RME and CTE parameters that will be used in the risk assessment are provided in 
RAGS Part D (EPA 2001) Table 4 format, attached as Tables 4-1 through 4-4 for Fish 
Intake, Crab Intake, Sediment Intake, and Surface Water Intake, respectively.   
3.1 Anglers  
The angler receptors are defined as those individuals who consume self-caught fish 
from the LPRSA in spite of the “eat none” fish/crab consumption advisories (NJDEP 
2010). Adults and adolescents (ages 7 to 18 years old) are expected to participate in 
angling for fish and crabs. These anglers are assumed to share self-caught fish with 
family members (i.e., young children 1 to 6 years of age).  Anglers would be exposed 
to contaminants in fish and crabs from ingestion.  
Anglers could fish from a variety of locations along the shoreline, including 
bulkheads, bridges, boats, mudflats, and park land. Anglers are not expected to 
contact surface water or sediment on days when they fish from bulkheads or bridges. 
However, on days when anglers fish from areas such as mudflats or park land they 
may be exposed to contaminants in sediment and surface water.  Anglers have been 
observed to wade in the Passaic River while fishing (EPA 2010, Nereid Boat Club 
2010). 
While young children are expected to ingest fish or crabs caught by the adult or 
adolescent angler, they are expected to rarely accompany the family member who is 
fishing.  Exposures would be much less than those experienced by children visiting 
the river specifically to wade or swim. Therefore, a young child angler exposure to 
sediment and surface water is not evaluated under the angling scenario.  
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3.1.1 Exposure Parameters for Fish Intake 
The ingestion rate is the amount of fish that an individual consumes on a daily basis 
based on averaging the reported consumption rate in 1 year over 365 days. Ingestion 
rates for fish have been annualized and are presented in grams eaten per day (g/day). 
The ingestion rate assumes the fish are caught while angling from the LPRSA only. It 
is expected that ingestion of fish from local sources will be the main source of fish 
consumption for the anglers.  For consumption of fish, ingestion rates based on data 
collected for recreational freshwater anglers are obtained from the Exposure Factors 
Handbook (EFH) (EPA 1997). Ingestion rates for the adolescent and child are based on 
the assumption that the intake for the adolescent will be approximately two-thirds 
that of the adult and the intake for the child will be approximately one-third that of 
the adult (EPA 1997). This assumption is based on ratios of adolescent to adult and 
child to adult fish ingestion rates for total fish consumption provided in Table 10-1 of 
the EFH (EPA 1997), using data for a child aged 0 to 9 years, an adolescent aged 10 to 
19 years, and an adult aged 20 to 70+ years (intake averaged over six adult age 
groups). According to Table 10-1 of the EFH (EPA 1997), the 95th percentile intake for 
children aged 0 to 9 years is 16.5 g/day, and for adolescents aged 10 to 19 years is 26.8 
g/day. The selected ingestion rates in this technical memorandum are consistent with 
those presented in the EFH considering the specific ages of the populations being 
evaluated in this assessment and also are within the upper bounds of the ingestion 
rates at the 90th percentile or above (EPA 1997). Thus, for the RME, an ingestion rate of 
8 g/day is used for the child receptor and 17 g/day is used for the adolescent 
receptor. For the CTE, an ingestion rate of 3 g/day is used for the child receptor and 5 
g/day is used for the adolescent receptor. 
For the adult angler, 26 g/day, which is the 95th percentile, is used for the RME, 
whereas the recommended mean of 8 g/day is used for the CTE. An ingestion rate of 
26 grams/day is approximately 24 half pound meals/year.  The values in the EFH are 
based on fish ingestion studies from several different freshwater locations within the 
country. The surveys include a 1992 Maine angler survey (Ebert et al. 1993), a 1992 
Lake Ontario diary study (Connelly et al. 1996), and a 1989 Michigan sport angler 
survey (West et al. 1989). The ingestion rate for fish and crab identified in a more 
recent consumption survey (Burger 2002) found that 8 percent to 25 percent of the 
population ingested 1,500 g/month, which is equivalent to 50 percent from fish and 
50 percent from crabs (as discussed below for the crab ingestion rate). 
The factor for fraction from contaminated source is applied to account for possible 
exposures to contaminants from other sources with similar contaminants. This is 
particularly relevant for the site, given that the Lower Passaic River watershed 
consists of over 100 square miles of highly developed urban area that supports a large 
population of people. Although it is possible that an angler catches and consumes fish 
from other rivers in the area, the risk assessment assumes that 100 percent of the catch 
is obtained from the LPRSA.  Therefore, an FI of one is used for the RME and CTE 
scenarios of all three angler populations. 
A cooking loss factor accounts for the amount contaminant in tissue that is lost during 
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the cooking process and not consumed by the receptor. For RME, a cooking loss of 
zero percent is used for all contaminants. For CTE, the 50th percentile cooking loss 
values for combined skin-on/skin-off as developed in Appendix C of the Draft 
Focused Feasibility Study (Battelle 2007) is used for organic contaminants.  For metals, 
a cooking loss of zero percent is used for both RME and CTE scenarios, since cooking 
loss adjustments should not be applied for metals in most cases (EPA 2000). 
The ingestion rates for fish and crabs are annualized and presented on a daily basis. 
Therefore, the exposure frequency for fish consumption is assumed to be 365 days per 
year (EPA 1989). 
3.1.2 Exposure Parameters for Crab Intake 
The ingestion rate is the amount of crab that an individual consumes on a daily basis 
based on averaging the reported consumption rate in 1 year over 365 days. Ingestion 
rates for crab have been annualized and are presented in grams eaten per day 
(g/day). The ingestion rate assumes the crabs are caught while angling from the 
LPRSA only. It is expected that the main source of crab for ingestion are from the 
LPRSA.  
Information in the published literature regarding the consumption rates of crabs is 
limited. Studies conducted in the Newark Bay Complex area were reviewed (Burger 
2002, Burger et al. 1999, and May and Burger 1996) to identify an appropriate 
consumption rate. Of the studies reviewed, the 2002 Burger study was the only one 
that contained sufficient information regarding crab consumption in the area of the 
LPRSA, which is used to derive a consumption rate for this risk assessment. 
A yearly consumption rate for self-caught crab was developed by Burger (2002) by 
multiplying the number of crab meals eaten per month by the number of crabs eaten 
at each meal by the number of months per year crabs are caught, assuming the 
average serving size from one crab is 70 g. Crab consumption patterns for people 
surveyed were determined for two groups of individuals: (1) people who caught only 
crab; and (2) people who caught both crab and fish. Burger (2002) notes that the 
majority of people interviewed mainly fished or mainly crabbed, and that more than 
30 percent of the people who fished and crabbed in the Newark Bay Complex did not 
eat their catch. However, the study also reports that 8 percent to 25 percent of the 
people ate more than 1,500 g/month of self-caught fish and crab.  
Based on the crab consumption patterns for people who caught crab only, as reported 
in Burger (2002), the RME ingestion rate for the adult angler was calculated as 23 
g/day. This value is the 95 percent UCL of the yearly consumption value, derived as 
follows: 

5,790 g/year + (1.96 x 1,360 g/year)
365 days/year95% UCL =
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Although Burger (2002) did not identify the distributions of the data, the data were 
assumed to be normally distributed based on the central limit theorem. This states 
that sampling distribution means tend toward normality as sampling size (n) gets 
large. In this particular case, n=110, which justifies the use of procedures based on the 
normal distribution even if the underlying population is not normal (McBean and 
Rovers 1998). 
The average yearly consumption rate of 5,760 g/year (16 g/day) is selected as the 
adult CTE ingestion rate. Ingestion rates for the child and adolescent receptors are 
estimated assuming rates 1/3 and 2/3 those of the adult ingestion rate, respectively, 
as is assumed for fish ingestion.  
The selected crab ingestion rate of 23 g/day including tissue and hepatopancreas  for 
the adult population is also consistent with crab consumption data  obtained for the 
Newark Bay Complex area by New Jersey Department of Environmental Protection 
(NJDEP) from an angler survey conducted by NJDEP in 1995 (NJDEP 2002). Based on 
the results of this survey, 65 percent of the population surveyed consumed self-caught 
crab once per week or less, whereas 28 percent of the individuals reportedly 
consumed crab at least two to three times per week. The survey results indicated that 
the majority of surveyed individuals (56 percent) consumed between 1 and 6 crabs at 
each meal; 7 crabs or more were eaten by 35 percent of the population. NJDEP used 
this consumption information to estimate a range of the amount of crab consumed per 
meal per day, assuming the edible mass of the crab was 75 g. Depending on the 
number of crab meals per day (i.e., on crab meal/day or 0.14 crab meal/day) and the 
number of crabs eaten at each meal (i.e., 2, 5 or 15 crabs), the amount of crab 
consumed per day ranged from 21 g/day to 1,125 g/day. The consumption rate of 23 
g/day derived from the Burger (2002) data is consistent with the lower value derived 
from the NJDEP survey data. The majority of the NJDEP-surveyed population is most 
likely represented by this lower daily ingestion rate. However, for the small 
percentage of the population who consume a larger portion of crab, the risks/hazards 
are likely to be underestimated with the use of the lower ingestion rate. 
The factor for fraction from contaminated source is applied to account for possible 
exposures to contaminants from other sources with similar contaminants. This is 
particularly relevant for the site, given that the Lower Passaic River watershed 
consists of over 100 square miles of highly developed urban area that supports a large 
population of people. The risk assessment assumes that 100 percent of the catch is 
obtained from the LPRSA. Therefore, an FI of one is used for the RME and CTE 
scenarios. 
A cooking loss factor accounts for the amount contaminant in tissue that is lost during 
the cooking process and not consumed by the receptor. Blue crabs are most often 
cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006). 
Exposure to the contaminant depends not only of the specific part of the crab 
consumed, but also on the method of cooking. NJDEP (2010) reports that no specific 
cooking method can be relied on to reduce the chemical contaminant levels in blue 
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crabs. Because the crab is cooked whole, even if the consumer does not eat the 
hepatopancreas, exposure to the chemical contaminant may still occur if the crab is 
cooked before the hepatopancreas is removed and if the liquid used to boil the crab is 
used in juices, sauces, bisques, or soups. It should be assumed that the cooking liquid 
is consumed along with the crabmeat. Therefore, cooking loss for crabs is assumed to 
be 0 percent for all contaminants under the RME and CTE scenarios because data are 
not currently available from EPA or published literature to support any type of 
reduction in concentration under this type of exposure scenario. 
The ingestion rates for fish and crabs are annualized and presented on a daily basis. 
Therefore, the exposure frequency for crab consumption is assumed to be 365 days 
per year (EPA 1989). 
3.1.3 Sediment and Surface Water Intake 
Adult and adolescent anglers are assumed to be exposed to sediment and surface 
water via incidental ingestion, dermal contact, and inhalation of volatiles from surface 
water and exposed sediment. Inhalation of volatiles from exposed sediment may 
occur if activities are in mudflat areas and to a lesser extent from volatilized surface 
water. 
The incidental sediment ingestion rate of anglers is assumed to be half the default 
residential soil ingestion rates: 50 mg/day for both adults and adolescents (7 to 18 
years old) for the RME scenario (EPA 1991, 2002), and 25 mg/day under the CTE 
scenario. The incidental surface water ingestion rate of anglers who wade in water is 
estimated to be half of what occurs during swimming, or 0.025 L/day (EPA 1989, 
2008). 
For dermal contact with sediment and surface water, the angler is assumed to wear a 
short-sleeved shirt, and shorts (no shoes); therefore, the exposed skin surface is 
limited to the head, hands, forearms, lower legs and feet.  The exposed skin surface 
area for adult anglers is 6,100 square centimeter (cm2), the average of the 50th 
percentile for males and females greater than 18 years of age (EPA 1997). The exposed 
skin surface area for adolescent anglers is 5,100 cm2, based on the weighted average 
surface area for males and females ages 7 to <19 years (EPA 2008).  
The dermal adherence factor of 0.3 mg/cm2 is assumed for adults, based on the 50th 
percentile weighted adherence factor measured for reed gatherers, the activity 
determined to represent a reasonable, high-end contact (EPA 2004). The adolescent 
adherence factor is 4.8 mg/cm2, based on surface area weighted soil adherence factor 
for males and females ages 7 to <19 years engaging in shoreline play on tidal flats 
(EPA 2008).  
Anglers fish from a variety of locations, some of which could involve contact with 
sediment and surface water (EPA 2010, Nereid Boat Club 2010). Adult anglers are 
assumed to fish in locations where they would contact sediment and surface water 
once a week during the summer months (13 weeks/year), or 13 days per year, for the 
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RME scenario, and once every two weeks, or 7 days per year, for the CTE scenario. 
Adolescent anglers are assumed to be exposed to sediment and surface water 3 days 
per week during the summer months or 39 and 20 days per year respectively for the 
RME and CTE scenarios.  Anglers may catch fish on more days than is assumed here, 
but are not expected to contact sediment and surface water every day that they fish.  
Anglers are assumed to have dermal contact with water for 1 hour per day f or the 
RME scenario and 0.5 hours for the CTE scenario. Angling is also expected to include 
time without contact with water, during which anglers may be exposed via inhalation 
of volatiles. Inhalation exposure time is assumed to be 4 hours per day for the RME 
scenario and 2 hours per day for the CTE scenario. 
3.1.4 Exposure Parameters Applicable to All Angler Exposures 
The RME duration for adult anglers is assumed to be 24 years (EPA 1991), based on a 
30 year upper bound residential tenure at a single location (EPA 1989) minus six years 
as a non-adult. The CTE duration for adult anglers is 9 years, based on the 50th 
percentile value for years living in current home (EPA 1997). For the adolescent 
receptor, RME duration is based on the number of years in the age group: 12 years 
(from ages 7 through 18 years). The CTE duration is assumed to be 6 years for 
adolescents. For the child ingesting fish from ages 1 to 6 years, the RME duration is 6 
years based on the number of years in the age group and the CTE duration is 
assumed to be 3 years. 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration, or 24 years for adults and 12 
years for adolescents under the RME scenario, and 9 years for adults and 6 years for 
adolescents under the CTE scenario.  
A body weight of 70 kg is used for adults (EPA 1989, 1991) and 15 kg is used for 
children (EPA 1989, 1991).. Body weights for adolescents were derived by averaging 
the mean body weight estimates for males and females from the fourth National 
Health and Nutrition Examination Survey (NHANES IV), as summarized in Table 8-
23 of the EPA Child-Specific Exposure Factors Handbook (EPA 2008).  The mean body 
weight is 52 kg for the 7 to 18 year old adolescent. 
3.2 Swimmers  
Individuals of all ages could potentially visit the Passaic River to swim. Swimming is 
included in New Jersey’s designated uses of the freshwater portion of the river from 
the confluence with Second River to Dundee Dam (about River Mile [RM] 8 to 
RM 17), where the water has a classification of FW2-NT/SE2. Swimmers may contact 
sediment while entering and leaving the river and while swimming.  
Adult, adolescent (7 to 18 years old), and young child (1 to 6 years old) swimmers are 
assumed to be exposed to sediment and surface water via incidental ingestion, dermal 
contact, and inhalation of volatiles from surface water and exposed sediment.  
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The incidental sediment ingestion rate of swimmers is assumed to be half the default 
residential soil ingestion rates: 50 mg/day for both adults and adolescents (7 to 18 
years old) and 100 mg/day for children (1 to 6 years old) for the RME scenario (EPA 
1991, 2002). Under the CTE scenario, sediment ingestion rates are assumed to be half 
the RME ingestion rates: 25 mg/day for adults and adolescents and 50 mg/day for 
children. The incidental ingestion rate recommended by EPA (2008) for surface water 
while swimming is 50 milliliters per hour (ml/hr), and was applied to both RME and 
CTE scenarios for all of three receptor populations. 
For dermal contact with sediment and surface water, the swimmer is assumed to have 
the total body surface area available for contact.  The total body surface area for adult 
swimmers is 18,000 cm2 and for young child swimmers is 6,600 cm2 (EPA 2004). The 
exposed skin surface area for adolescent swimmers is 14,800 cm2, based on the 
weighted average surface area for males and females ages 7 to <19 years (EPA 2008).  
The sediment dermal adherence factor of 0.3 mg/cm2 is assumed for adults, based on 
the 50th percentile weighted adherence factor measured for reed gatherers, the activity 
determined to represent a reasonable, high-end contact (EPA 2004). The adolescent 
adherence factor is 4.8 mg/cm2, based on surface area weighted soil adherence factor 
for males and females ages 7 to <19 years engaging in shoreline play on tidal flats 
(EPA 2008). The child adherence factor is slightly lower, 4.7 mg/cm2, based on the 
surface area weighted soil adherence factor for males and females ages 1 to <7 years 
engaging in shoreline play on tidal flats (EPA 2008).  The calculation of the adherence 
factor used the procedures outlined in the child specific EFH (USEPA, 2008). 
Young child and adult swimmers are assumed to be exposed to sediment and surface 
water once a week during the summer months (13 weeks/year), or 13 days per year, 
for the RME scenario, and once every two weeks, or 7 days per year, for the CTE 
scenario. Adolescent swimmers are assumed to be exposed to sediment and surface 
water 3 days a week during the summer months, 39 and 20 days per year for the RME 
and CTE scenarios, respectively. The national average for time spent swimming is 2.6 
hours per day (EPA 1989). This value is used for RME and CTE scenarios for all 
swimming receptors. 
The RME duration for adult swimmers is assumed to be 24 years (EPA 1991), based 
on a 30-year upper bound residential tenure at a single location (EPA 1989) minus six 
years as a non-adult. The CTE duration for adult swimmers is 9 years, based on the 
50th percentile value for years living in current home (EPA 1997). For the adolescent 
and child receptors, RME duration is based on the number of years in the age group: 
12 years for adolescents (from ages 7 through 18 years), and 6 years for children (from 
ages 1 through 6 years). The CTE duration is assumed to be 6 years for adolescents 
and 3 years for children. 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration: 24 years for adults, 12 years 
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for adolescents, and 6 years for children under the RME scenario; and 9 years for 
adults, 6 years for adolescents, and 3 years for children under the CTE scenario.  
A body weight of 70 kg is used for adults (EPA 1989, 1991) and 15 kg is used for 
children (EPA 1989, 1991).  The body weight for adolescents was derived by 
averaging the mean body weight estimates for males and females from the fourth 
National Health and Nutrition Examination Survey (NHANES IV), as summarized in 
Table 8-23 of the EPA Child-Specific Exposure Factors Handbook (EPA 2008).  The 
mean body weight is 52 kg for the 7 to 18 year old adolescent. 
3.3 Waders  
Individuals of all ages could potentially visit park areas adjacent to the Passaic River 
to wade. Adult, adolescent (7 to 18 years old), and young child (1 to 6 years old) 
waders are assumed to be exposed to sediment and surface water via incidental 
ingestion, dermal contact, and inhalation of volatiles from surface water and exposed 
sediment.  
The incidental sediment ingestion rate of waders is assumed to be half the default 
residential soil ingestion rates: 50 mg/day for both adults and adolescents (7 to 18 
years old) and 100 mg/day for children (1 to 6 years old) for the RME scenario (EPA 
1991, 2002). Under the CTE scenario, sediment ingestion rates are assumed to be half 
the RME ingestion rates: 25 mg/day for adults and adolescents and 50 mg/day for 
children.  
The incidental ingestion rate recommended by EPA (2008) for surface water while 
swimming is 50 milliliters per hour (ml/hr). Incidental ingestion of surface water 
while wading is unlikely to occur at the same rate as incidental ingestion rate while 
swimming. The incidental water ingestion rate is thus assumed to be 25 ml/hr, or 
one-half the water ingestion rate for a swimming scenario for both RME and CTE 
scenarios. 
For dermal contact with sediment and surface water, the wader is assumed to wear a 
short-sleeved shirt, and shorts (no shoes); therefore, the exposed skin surface is 
limited to the head, hands, forearms, lower legs and feet.  The exposed skin surface 
area for adult waders is 6,100 cm2, the average of the 50th percentile for males and 
females greater than 18 years of age (EPA 1997). The exposed skin surface area for 
adolescent waders is 5,100 cm2, based on the weighted average surface area for males 
and females ages 7 to <19 years (EPA 2008). The exposed skin surface area for child 
waders is 2,500 cm2, based on the weighted average surface area for children ages 1 to 
<7 years (EPA 2008). 
The sediment dermal adherence factor of 0.3 mg/cm2 is assumed for adults, based on 
the 50th percentile weighted adherence factor measured for reed gatherers, the activity 
determined to represent a reasonable, high-end contact (EPA 2004).  The adolescent 
adherence factor is 4.8 mg/cm2, based on surface area weighted soil adherence factor 
for males and females ages 7 to <19 years engaging in shoreline play on tidal flats 
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(EPA 2008). The child adherence factor is slightly lower, 4.7 mg/cm2, based on the 
surface area weighted soil adherence factor for males and females ages 1 to <7 years 
engaging in shoreline play on tidal flats and the procedures outlined in the child 
specific EFH (EPA 2008). 
Young child and adult waders are assumed to be exposed to sediment and surface 
water once a week during the summer months (13 weeks/year), or 13 days per year, 
for the RME scenario, and once every two weeks, or 7 days per year, for the CTE 
scenario. Adolescent waders are assumed to be exposed to sediment and surface 
water 3 days a week during the summer months, 39 and 20 days per year for the RME 
and CTE scenarios, respectively. The amount of time individuals spend in contact 
with water while wading is assumed to be 1 hour per day for the RME scenario and 
0.5 hour per day for the CTE scenario. Wading activities are also expected to include 
time on the shore without contact with water, during which waders may be exposed 
via inhalation of volatiles. Inhalation exposure time is assumed to be 4 hours per day 
for the RME scenario and 2 hours per day for the CTE scenario. 
The RME duration for adult waders is assumed to be 24 years (EPA 1991), based on a 
30-year upper bound residential tenure at a single location (EPA 1989) minus six years 
as a non-adult. The CTE duration for adult waders is 9 years, based on the 50th 
percentile value for years living in current home (EPA 1997). For the adolescent and 
child receptors, RME duration is based on the number of years in the age group: 12 
years for adolescents (from ages 7 through 18 years), and 6 years for children (from 
ages 1 through 6 years). The CTE duration is assumed to be 6 years for adolescents 
and 3 years for children. 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration: 24 years for adults, 12 years 
for adolescents, and 6 years for children under the RME scenario; and 9 years for 
adults, 6 years for adolescents, and 3 years for children under the CTE scenario.  
A body weight of 70 kg is used for adults (EPA 1989, 1991) and 15 kg is used for 
children (EPA 1989, 1991).  The body weight for adolescents was derived by 
averaging the mean body weight estimates for males and females from the fourth 
National Health and Nutrition Examination Survey (NHANES IV), as summarized in 
Table 8-23 of the EPA Child-Specific Exposure Factors Handbook (EPA 2008).  The 
mean body weight is 52 kg for the 7 to 18 year old adolescent. 
3.4 Boaters  
Adults and adolescents participate in boating activities on the Passaic River. Eight 
high school sculling teams and two boating clubs currently use the river for rowing.  
While children in the ages of 7 to 13 years are too young for team rowing, children 
within this age group may participate in recreational boating activities such as 
canoeing or kayaking. Young children (<7 years old) are not expected to participate in 
boating activities on the river; any such exposures would be rare and much less than 
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those experienced by children visiting the river specifically to wade or swim. 
Therefore, a young child boater scenario is not evaluated. 
Adult, teenage (14 to 18 years old), and older child (7 to 13 years old) boaters are 
assumed to be exposed to sediment and surface water via incidental ingestion, dermal 
contact, and inhalation of volatiles from surface water and exposed sediment.  
The incidental sediment ingestion rate of boaters in all age groups is assumed to be 
half the default adult residential soil ingestion rates, or 50 mg/day for the RME 
scenarios (EPA 1991, 2002). Under the CTE scenario, sediment ingestion rates are 
assumed to be half the RME ingestion rate, or 25 mg/day.  
The incidental ingestion rate recommended by EPA (2008) for surface water while 
swimming is 50 milliliters per hour (ml/hr). Incidental ingestion of surface water 
while boating is unlikely to occur at the same rate as incidental ingestion rate while 
swimming. However, boaters do get wet from the splashing of oars, rough water, or 
wakes made by powerboats. The incidental water ingestion rate is thus assumed to be 
25 ml/hr, or one-half the water ingestion rate for a swimming scenario for both RME 
and CTE scenarios. 
For dermal contact with sediment and surface water, the boater is assumed to wear a 
short-sleeved shirt, and shorts (no shoes, or open shoes); therefore, the exposed skin 
surface is limited to the head, hands, forearms, lower legs and feet.  The exposed skin 
surface area for adult boaters is 6,100 cm2, the average of the 50th percentile for males 
and females greater than 18 years of age (EPA 1997). The exposed skin surface area for 
teenage boaters is 6,000 cm2, based on the weighted average surface area for males 
and females ages 14 to <19 years (EPA 2008). The exposed skin surface area for older 
child boaters is 4,400 cm2, based on the weighted average surface area for children 
ages 7 to <14 years (EPA 2008). 
The sediment dermal adherence factor of 0.3 mg/cm2 is assumed for adults and 
teenage boaters, based on the 50th percentile weighted adherence factor measured for 
reed gatherers, the activity determined to represent a reasonable, high-end contact 
(EPA 2004).  The adherence factor for older child boaters is 4.9 mg/cm2, based on 
surface area weighted soil adherence factor for males and females ages 7 to <14 years 
engaging in shoreline play on tidal flats (EPA 2008).  
The surface water and sediment exposure frequency for the older child boater who 
canoes or kayaks is assumed to be equal to other recreational scenarios like swimming 
or wading, and is therefore assumed to occur 13 days/year for the RME scenario and 
7 days/year for the CTE scenario.   
Surface water exposure frequencies for the adult and teenage (14 to 18 years old) 
boaters are based on information provided by Passaic River boating clubs (PRRA 
2010, Nereid Boat Club 2010). The rowing season extends from March through mid-
November (37 weeks).  Adult boaters row up to 7 days/week, for 1 to 2 hours/day; 
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average frequency is about 3 to 4 times per week. Based on this information, for adult 
boaters the RME frequency is 259 days/year (7 days/week x 37 weeks/year) and the 
CTE frequency is 111 days/year (3 days/week x 37 weeks/year).  For the teenage 
boaters, the high school rowing season primarily is from late February through the 
end of May, and sometimes includes rowing minimally in the fall. The high school 
teams row 5 to 7 days per week for 1 to 2 hours per day.  Based on this information, 
for teenage boaters (14 to 18 years old) the RME frequency is 98 days/year (7 
days/week x 14 weeks/year) and the CTE frequency is 70 days/year (5 days/week x 
14 weeks/year). 
For all boating receptors the amount of time individuals spend in contact with water 
and exposed to volatiles in air is assumed to be 2 hours per day for the RME scenario 
and 1.5 hours per day for the CTE scenario. 
Exposure to sediment for the adult and teenage boaters will occur with a much lower 
frequency than exposure to surface water. Rowing locations south of Dundee Dam 
launch from docks, so contact with the riverbank happens when rowers flip out of the 
boat and need to wade in to get back in. It is, therefore, assumed that sediment contact 
occurs once a month for the RME scenario and once every two months for the CTE 
scenario. Accounting for the length of rowing season (37 weeks for adults and 14 
weeks for teenage boaters), the adult sediment exposure frequency is 9 days/year for 
RME and 4 days/year for CTE; the teenage boater exposure frequency is 4 days/year 
for RME and 2 days/year for CTE.  
The RME duration for adult boaters is assumed to be 24 years (EPA 1991), based on a 
30-year upper bound residential tenure at a single location (EPA 1989) minus six years 
as a non-adult. The CTE duration for adult boaters is 9 years, based on the 50th 
percentile value for years living in current home (EPA 1997). For the older child and 
teenage boaters, RME duration is based on the number of years in the age group: 7 
years for older children (from ages 7 through 13 years), and 5 years for teenage 
boaters (from ages 14 through 18 years). The CTE duration is assumed to be 3 years 
for older child and teenage boaters. 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration: 24 years for adults, 5 years 
for teenage boaters, and 5 years for older child boaters under the RME scenario; and 9 
years for adults, 3 years for teenage boaters, and 3 years for older child boaters under 
the CTE scenario.  
A body weight of 70 kg is used for adults (EPA 1989, 1991).  The body weight for 
older children and teenage boaters were derived by averaging the mean body weight 
estimates for males and females for each age group from the NHANES IV, as 
summarized in Table 8-23 of the EPA Child-Specific Exposure Factors Handbook 
(EPA 2008).  The mean body weight is 41 kg for the 7 to 13 year old older child boater 
and 66 kg for the 14 to 18 year teenage boaters. 
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3.5 Workers 
In the current and future use scenario, workers at properties adjacent to the river are 
assumed to be exposed to sediment while outdoors at work via incidental ingestion, 
dermal contact, and inhalation of volatiles while performing outdoor activities such 
collecting rubbish and grounds maintenance. Workers are not expected to contact 
surface water during these activities. 
The incidental sediment ingestion rate of workers is assumed to be 50 mg/day (EPA 
1991) for the RME scenario and 25 mg/day for the CTE scenario. For dermal contact 
with sediment, the worker is assumed to wear a short-sleeved shirt, long pants, and 
shoes; therefore, the exposed skin surface is limited to the head, hands, and forearms. 
The resulting exposed skin surface area is 3,300 cm2, the average of the 50th percentile 
for males and females greater than 18 years of age (EPA 2004). The dermal adherence 
factor of 0.3 mg/cm2 is assumed for workers, based on the 50th percentile weighted 
adherence factor measured for reed gatherers, the activity determined to represent a 
reasonable, high-end contact (EPA 2004). 
Workers are assumed to be exposed once a week throughout the year for the RME 
scenario and once every two weeks for the CTE scenario, or 50 days per year and 25 
days per year, respectively (50 work weeks per year, assuming a two-week vacation).  
The exposure duration for site workers is 25 years for the RME scenario, based on the 
95th percentile value for job tenure for men in the manufacturing sector (EPA 2002). 
The CTE duration is 7 years based on the median occupation tenure of the working 
population (EPA 1997). 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration, or 25 years under the RME 
scenario, and 7 years for the CTE scenario (EPA 1989). A body weight of 70 kg is used 
for workers for both the RME and the CTE scenarios (EPA 2002). 
3.6 Residents 
Residential properties are located adjacent to the Passaic River, especially above 
RM 10. Residents may be exposed to sediment and surface water via incidental 
ingestion, dermal contact, and inhalation of volatiles from surface water and exposed 
sediment.  Residents in houses adjacent to the river are conservatively assumed to 
contact sediment in their yards to the same degree as residential soil. Exposure to 
surface water is expected to occur during occasional wading near the home.  
The incidental sediment ingestion rate of residents is assumed to be equal to the 
default residential soil ingestion rates: 100 mg/day for adults and 200 mg/day for 
children (0 to 6 years old) for the RME scenario (EPA 1991, 2002), and 50 mg/day for 
adults and 100 mg/day for children under the CTE scenario. The incidental surface 
water ingestion rate of residents who wade in water is estimated to be half of what 
occurs during swimming, or 0.025 L/day (EPA 1989). 
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For dermal contact with sediment and surface water, the resident is assumed to wear 
a short-sleeved shirt, and shorts (no shoes); therefore, the exposed skin surface is 
limited to the head, hands, forearms, lower legs and feet.  The exposed skin surface 
area for adult residents is 6,100 cm2, the average of the 50th percentile for males and 
females greater than 18 years of age (EPA 1997). The exposed skin surface area for 
child residents is 2,500 cm2, based on the weighted average surface area for children 
ages 1 to <7 years (EPA 2008).  
The dermal adherence factor of 0.3 mg/cm2 is assumed for adults, based on the 50th 
percentile weighted adherence factor measured for reed gatherers, the activity 
determined to represent a reasonable, high-end contact (EPA 2004).  The child 
adherence factor is 4.7 mg/cm2, based on surface area weighted soil adherence factor 
for children ages 1 to <7 years engaging in shoreline play on tidal flats (EPA 2008).  
All residents are assumed to be exposed to sediment for 350 days per year for both the 
RME and CTE scenarios (EPA 1991). Residential contact with surface water is 
expected to occur less frequently than contact with sediment. Residents are expected 
to wade occasionally in the river. Since houses are located adjacent to the river, 
residents have easy access to the water and are expected to wade with a greater 
frequency than the recreational wading receptors. Adult and child residents are 
assumed to contact surface water twice a week during the summer months (13 
weeks/year), 26 days per year, for the RME scenario. The CTE exposure frequency for 
surface water is half of the RME value, or 13 days per year. The amount of time 
individuals spend in contact with water while wading or playing is assumed to be 1 
hour per day for the RME scenario and 0.5 hour per day for the CTE scenario. 
Inhalation exposure time for residents is assumed to be 24 hours per day for the RME 
and the CTE scenario. 
The total RME duration for residents is assumed to be 30 years (EPA 1991): 24 years as 
an adult and 6 years as a young child. The CTE duration for adult residents is 9 years, 
based on the 50th percentile value for years living in current home (EPA 1997). The 
CTE duration is assumed to be 3 years for children. 
A life expectancy of 70 years (EPA 1989) is used for all receptor groups as the 
averaging time for exposure to carcinogenic contaminants. The averaging time for 
noncarcinogenic effects is equal to the exposure duration, or 24 years for adults and 6 
years for children under the RME scenario, and 9 years for adults and 3 years for 
children under the CTE scenario. A body weight of 70 kg is used for adult residents 
(EPA 1989, 1991) and 15 kg is used for children (EPA 1989, 1991) under both 
scenarios. 
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October 12, 2010 
 
VIA ELECTRONIC & US MAIL 
 
Ms. Stephanie Vaughn 
Emergency and Remedial Response Division 
USEPA, Region 2 
290 Broadway, 19th Floor 
New York, New York 10007 

 
Re: Response to USEPA Comments on the:  

(1) Risk Assessment Risk Characterization Plan (dated April16, 2010) 
(2) Data Usability and Data Evaluation Plan (dated February 26, 2010) 
(3) Approach for Developing Ecological Effect Thresholds Technical 
Memorandum (dated May 10, 2010)  

Lower Passaic River Study Area (LPRSA) Remedial Investigation/Feasibility Study 
(RI/FS) - CERCLA Docket No. 02-2007-2009 

 
Dear Ms. Vaughn: 
 
The LPRSA Cooperating Parties Group (CPG) is providing its responses to USEPA 
comments received in your letter and attachments dated September 10, 2010 
regarding the draft Risk Assessment Risk Characterization (RARC) Plan and the 
Approach for Developing Ecological Effect Thresholds Technical Memorandum (TRV 
Memorandum), as well as the USEPA comments on the draft Data Usability and Data 
Evaluation Plan submitted to the CPG on April 1, 2010. 
 
During our September 13, 2010 telephone conversation, you indicated that it was 
USEPA’s preference to receive the CPG's response to USEPA comments by October 12.  
During our telephone conversation, we also agreed that CPG could provide a partial 
response to USEPA comments by the October 12 target date.  This partial response was 
acceptable if, for instances where actual responses are not provided, the CPG outlines 
how the outstanding comment would be addressed, including a schedule for 
responding. 
 
The CPG has organized its responses to comments for both the RARC Plan and the Data 
Usability and Data Evaluation Plans as follows: 

• The CPG has provided responses to a subset of USEPA’s September 10, 2010 
comments on the RARC Plan and the Data Usability and Data Evaluation Plan.  
These responses are presented in Attachment 1 to this letter.   

• The CPG has identified a subset of comments that cannot be responded to by 
October 12 because a significant level of effort is required to provide a suitable 
response. The required level of effort cannot be completed in the 30-day 
timeframe established by USEPA and the CPG.  As outlined in the narrative 
below, the CPG has developed a schedule and process for addressing this 
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subset of USEPA comments on the RARC Plan and Data Usability and Data 
Evaluation Plan. 

 
• Regarding the TRV memorandum, the CPG suggests that the USEPA and the 

CPG have a discussion following the receipt of this document to review the 
CPG’s schedule for providing a revised TRV deliverable.   

 
The CPG anticipates that there will need to be a significant amount of discussion and 
interaction between the USEPA and CPG risk assessment teams over the next several 
months to fully resolve these comments.   
 
As identified previously, the CPG has identified a subset of USEPA’s comments that 
require a significant level of effort to formulate a response.  These comments can be 
segregated into 12 major areas related to the conduct of the human health and 
ecological risk assessments.  In the following paragraphs, the CPG presents a brief 
description of the issues that need to be discussed and resolved with USEPA.  The CPG 
proposes an initial discussion of each major area and the related issues after the USEPA 
has had an opportunity to review the CPG’s responses.  Where appropriate, the CPG 
has also included a proposed delivery date for the submission of position papers that 
present and summarize the CPG’s responses for nine of these major areas. 
 
1. Background (General Comment [GC] no. 10, Specific Comment [SC] no. 60, 70, 
71): In its September 10 comments, USEPA has indicated a preference for 
characterizing background as the area above the industrialized area above Dundee 
Dam.  However, there are many factors to consider in identifying appropriate 
background sites.  Characterization of background conditions needs to account for 
more than just sediment chemistry;  background conditions for fish tissue, benthic 
invertebrate toxicity, and benthic invertebrate community should also be 
characterized, as agreed to in the USEPA-approved Final Problem Formulation 
Document (PFD).  Furthermore, the Lower Passaic River (LPR) includes both estuarine 
and freshwater portions, so background sites that include both conditions need to be 
identified and evaluated.  USEPA guidance (OSWER 9285.6-07P USEPA 2002) indicates 
background should be evaluated as part of risk characterization: “Specifically, the 
COPCs with high background concentrations should be discussed in the risk 
characterization, and if data are available, the contribution of background to site 
concentrations should be distinguished. COPCs that have both release-related and 
background-related sources should be included in the risk assessment.”  In OSWER 
(2002), it is further stated that: “The COPCs retained in the quantitative risk assessment 
should include those hazardous substances, pollutants, and contaminants with 
concentrations that exceed risk-based screening levels.  The Risk Characterization 
should include a discussion of elevated background concentrations of COPCs and their 
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contribution to site risks.  Naturally occurring elements that are not CERCLA hazardous 
substances, pollutants, and contaminants, but exceed risk-based screening levels 
should be discussed in the risk characterization.” 

 
The CPG anticipates submitting a position paper on characterization of background to 
USEPA as a response and a basis for further discussion on May 9, 2011. 

 
2. Exposure Areas (GC no. 3 and 8, SC no. 33, 50): While CPG agrees more 
information is needed before developing the exposure areas, CPG disagrees that 
exposure areas should be defined using chemical concentration information 
exclusively.  USEPA’s comments do not accurately cite the USEPA-approved LPRSA PFD, 
which stated that physical river sections (i.e. the freshwater, transitional and brackish 
river sections) will change following the evaluation of additional data, (including 
sediment chemistry data); however, these physical river sections do not translate into 
human and ecological exposure areas.  Rather than relying solely on chemical 
concentrations, other factors, including habitat, ecological foraging areas, physical 
characteristics, and human use and activity patterns, should define the exposure areas 
(USEPA 1989, 1997, 1998).  CPG is still collecting and analyzing much of the physical 
characteristic and habitat information.  Following evaluation of the FSP2 information 
and data, the CPG will develop exposure areas in the baseline ecological risk 
assessment (BERA) and baseline human health risk assessment (HHRA) based on current 
and realistic future exposure scenarios. 
 
The CPG anticipates submitting a position paper on the factors involved in selecting 
exposure areas to USEPA as a response and a basis for further discussion on March 11, 
2011. 
 
3. Human Health Risk Assessment Conceptual Site Model (GC no. 2, SC no. 44, 51b): 
The USEPA-provided exposure scenarios and associated assumptions to be used in the 
baseline HHRA are incomplete. They reflect a hypothetical restored river when 
institutional controls have been removed, parks and open spaces improved and 
expanded, public access increased, and aesthetic improvements made.  This 
hypothetical future scenario represents only part of the Risk Assessment Conceptual Site 
Model (CSM), in that current baseline conditions and exposures are not considered.  
Without a baseline understanding of current risks, there is no basis for developing and 
evaluating remedial strategies that achieve risk reduction over time.   
 
The CPG anticipates submitting a position paper on a complete HHRA CSM for the 
LPRSA to USEPA as a response and a basis for further discussion on January 28, 2011. 
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4. HHRA Exposure Assumptions (GC no. 1 and 7, SC no. 40, 43, 46, and 48): Many of 
the USEPA-provided exposure assumptions are highly conservative and, in some 
instances, unrealistic and in inappropriate for the LPRSA.  Site-specific information is not 
identified and given adequate consideration, and USEPA’s use of default values for 
certain exposure parameters, such as fish ingestion rate, is inappropriate.  For the fish 
and crab consumption scenarios, the exposure parameter values identified by USEPA 
are the same as those used in the 2007 draft FFS human health risk assessment, which 
was a screening-level document. Use of screening-level or default assumptions in a 
baseline risk assessment does not reflect the CSM or follow a tiered approach that 
increasingly incorporates and relies on site-specific information. Consistent with USEPA 
guidance (USEPA 1989, 1997, 2008), site-specific information should be incorporated 
into the baseline risk assessment for the LPRSA. 
 
The CPG anticipates submitting a position paper on HHRA exposure assumptions to 
USEPA as a response and a basis for further discussion on January 28, 2011. 
 
5. Toxicity Reference Values (TRVs) (Cover letter, and SC no. 35 and 62): The 
selection of appropriate TRVs for the baseline ecological risk assessment is critical in 
determining which chemicals are retained and for establishing chemical 
concentrations for future cleanup.  Selecting the appropriate approach and study for 
each chemical is a complex and time-consuming process.  As stated in USEPA’s 
September 10, 2010 letter to CPG, the CPG will revise the TRV document to include 
CPG’s proposed TRVs. This document will include an evaluation of the screening values 
and TRVs previously identified in the PAR and Draft FFS.  
 
The CPG anticipates providing a revised TRV deliverable to USEPA on April 28, 2011. 
 
6. Ecological Exposure Parameters (SC no. 29, 32, 34, 73, 74, 75, 76, 77, 78, 79, 80, 
81, 82, 83, 84, and 85): The selection of exposure parameters has a direct relationship to 
risk estimates, cleanup targets, and resulting potential cleanup areas.  Therefore, they 
must be as scientifically accurate as possible.  Per USEPA comments, CPG will review 
the scientific literature and use information from the ongoing surveys to define 
appropriate and technically supportable exposure parameters for USEPA’s review. 
 
The CPG anticipates submitting a position paper on ERA exposure parameters to USEPA 
as a response and a basis for further discussion on March 17, 2011. 
 
7. Line-of-evidence (LOE) approach (SC no. 38a and 38b; also includes SC no. 18): 
CPG intends to pursue a line-of-evidence approach rather than an explicit weight-of-
evidence approach.  In the BERA, particularly for the benthic assessment, there are 
multiple results (lines of evidence) that need to be integrated into a cogent overall risk 
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characterization (e.g. SQT approach).  There are also mitigating factors related to 
habitat and physical conditions that need to be factored out through the evaluation.   
 
The CPG anticipates submitting a position paper on its LOE approach to USEPA as a 
response and a basis for further discussion on February 14, 2011. 
 
8. Data Usability and Data Evaluation Plan (RARC GC no. 6; Data Usability and Data 
Evaluation comment GC no. 2 and 5, SC no. 1, 2a, 2b, 4a, 4c, 4d, 4e, 6, 14, 15d, 16b, 
16d, 17, 18, and 21): USEPA has raised a number of issues regarding historical data use 
and data usability rules in the September 10, 2010 comments, including what the cut-off 
dates should be for the historical data (e.g., data older than 10 years), how stringent 
data quality objectives (DQOs) should be for determining acceptability of data for the 
risk assessment, and additional specific comments regarding proposed data rules.  It is 
unclear to the CPG if USEPA proposes using the older historical data as part of the risk 
assessment to derive exposure point concentrations (EPCs) or merely to inform a trend 
analysis.  If the data is to be used in the EPC calculations, the data usability criteria must 
be met, in accordance with USEPA guidance (USEPA 1992b).  CPG proposes using the 
current data in EPC calculations and using the older data in trend analysis and CPG 
disagrees with USEPA’s statement that older data (i.e., data collected in 1995) should 
be used in CPG calculations“…even if trend analyses suggest that conditions have 
changed within the LPRSA since the time that these samples were collected”.  Finally, 
CPG requests an update on the PREMIS database changes currently being undertaken 
by USEPA, as this may have schedule implications on the risk assessments.   
 
The CPG anticipates submitting a position paper on data usability and data evaluation 
to USEPA as a response and a basis for further discussion on March 7, 2011. 
 
9. Chemical of Potential Concern (COPC)/Chemical of Potential Ecological 
Concern (COPEC) Selection (SC no. 20b, 61a, 61b, 63b, 65c, and 68): Many of USEPA’s 
comments related to selection of COPCs/COPECs reflect a screening-level approach 
that is not appropriate for a site-specific baseline risk assessment.  Issues related to use 
of sediment detection in identifying tissue COPCs/COPECs, use of detection limits as 
observed concentrations, use of outliers, use of residential soil regional screening levels 
(RSLs) for incidental sediment exposures, and the dietary screening approach will be 
presented in a position paper for USEPA’s review and basis for subsequent discussions.  
 
The CPG anticipates submitting a position paper on COPC/COPEC Screening to USEPA 
as a response and a basis for further discussion on January 6, 2011. 
 
10. Probabilistic Risk Assessment (GC no. 9, SC no. 57): USEPA’s rationale for not 
recommending a probabilistic risk assessment (PRA) is not sound for a number of 
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reasons.  First, the 2007 draft FFS risk assessment followed a screening level approach 
based on data available at that time, much of which is now over 10 years old and 
representative of less than half of the LPRSA.  Given the large body of site-specific data 
and information generated since 2007, basing the decision on whether to pursue a PRA 
on the outcome of the draft FFS is not supportable. Second, the use of PRA is supported 
by USEPA’s guidance (USEPA 2001) as part of a tiered approach to risk assessment.  
Third, PRA results provide valuable information for consideration in risk management 
decision-making.  CPG believes that the decision whether to conduct a PRA should be 
made following an evaluation of the results of the deterministic risk assessments.  Finally, 
the USEPA comments are a presumptive assertion based on the results of Draft FFS 
screening level risk assessments which utilized limited and now outdated data, as well 
as extremely conservative and non site-specific assumptions.  
 
11. Microbial Risk Discussion (GC no. 12, SC no. 58 and 72): The CPG believes it is 
important to acknowledge the presence of pathogen risks in the LPRSA in the 
background discussion of the baseline risk assessments, even if they are considered 
outside the scope of CERCLA risk assessments.  Microbial risks are part of overall public 
health risks to all river users and receptors, and as such, should be considered within the 
broader context of background.  Understanding LPRSA microbial risks may also help 
place CERCLA risks into proper perspective. This is particularly important as remedial 
alternatives and restoration opportunities with sustainable outcomes are identified 
throughout the LPRSA, the larger watershed and Newark Bay Complex.  
 
12. Exposure Point Concentrations (SC no. 51a): USEPA’s proposed use of the 95% 
upper confidence limit (UCL) on the arithmetic mean is overly conservative for 
evaluating Central Tendency Exposures (CTE).  Mean (or median) concentrations are 
reliable and have been used at other sites, including within Region 2, and as such, are 
appropriate statistics for estimating CTE risks, particularly given the robust data sets 
developed for the LPRSA under the Remedial Investigation.   
  
The CPG suggests that the process proposed by USEPA for moving forward on the 
revision of risk planning documents warrants additional consideration.  The CPG will 
provide responses to the comments as called for in the USEPA’s September 10, 2010, 
letter and will not begin revision of the RARC and its appendices or the Data Usability 
and Data Evaluation Plan until such time as the USEPA has reviewed and approved 
CPG responses.  The CPG will proceed with the TRV development process, with 
consideration for USEPA comments, and complete the TRV deliverable to the extent 
practicable.  However, the CPG feels strongly that it is not effective or efficient to omit 
the Partner Agencies from the current comment and response process.  The CPG is 
reluctant and reserves the right to resist subsequent changes requested by the Partner 
Agencies in instances where the USEPA and CPG has arrived at consensus on 
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comment/response topics within the revised risk planning documents.  The CPG strongly 
recommends that the Partner Agencies review both the CPG response to comments 
and position papers and provide their input to USEPA on a schedule that will facilitate a 
single revision cycle to the risk planning documents. 
 
The CPG is committed to working cooperatively with USEPA to address and resolve 
these comments in a scientific and technically sound manner; that relies on 
appropriate site-specific information; and is consistent with USEPA guidance and policy 
as well as risk assessments conducted at other CERCLA sites.  The CPG’s goal is to 
address USEPA’s concerns and gain USEPA’s approval of the CPG’s response to 
comments.  Whereupon, the CPG can revise the RARC Plan and its appendices, the 
Data Usability and Data Evaluation Plan for resubmission for USEPA review and 
approval. 
 
Please contact me with any questions or comments. 
 
Very Truly Yours 
de maximis, inc. 
 
 
Robert Law, Ph.D. 
CPG Project Coordinator 
 
cc:  Ray Basso, USEPA 
 Patricia Hick, USEPA  
 CPG Members 
 William Hyatt, CPG Coordinating Counsel 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

General Comments and Directives  
4 General 

comment 
Distributions of TEQs should not be used in the risk assessment 
for human health. This comment is based on information 
provided in the paper by van den Berg et al. 2006. EPA will also 
provide specific direction on which toxicity values to use as the 
project moves forward. 

The draft RARC Plan does not discuss use of distributions of TEFs for 
dioxin like compounds.  The CPG wishes to defer the question as to 
whether TEQ distributions are appropriate for use in certain components 
of the human health risk assessment until such time that USEPA and 
CPG enter into discussions concerning the selection of toxicity values as 
the project moves forward.  

5 General 
comment 

The RME individual represents the 90% or higher end of 
exposure consistent with the 1992 Exposure Assessment 
Guidelines. The 90th percentile or above will be used to identify 
the fish/crab consumer.  
Consistent with Risk Assessment Guidance for Superfund Part 
A, the evaluation of risks/hazards is based on an exposed 
individual. As stated in the Guidelines, the RME individual is 
defined as follows: “Actions at Superfund sites should be based 
on an estimate of the reasonable maximum exposure (RME) 
expected to occur under both current and future land-use 
conditions. The reasonable maximum exposure is defined here 
as the highest exposure that is reasonably expected to occur at 
a site. RMEs are estimated for individual pathways.” 

Comment noted. 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

7 General 
comment 

A fish ingestion rate of 26 grams/day and a crab ingestion rate of 
24 g/day should be used for now. These values are based on the 
1997 Exposure Factors Handbook and the paper by Burger et al. 
2002.(Burger, J. 2002. Consumption Patterns and Why People 
Fish. Environmental Research Section A 90, 125-135). EPA will 
work on developing alternate numbers based on other existing 
surveys as multiple lines of evidence. 

CPG does not agree that the fish and crab consumption rates proposed 
by USEPA are appropriate for use in the baseline HHRA for the LPRSA.  
CPG has previously discussed with USEPA why use of the default 
recreational angler freshwater fish consumption rate from the 1997 
Exposure Factor Handbook (EFH) is inappropriate for the LPRSA 
baseline HHRA.  To briefly recount, the recreational angler freshwater fish 
consumption rate presented in the 1997 EFH is based on mail surveys of 
licensed anglers that fish desirable sportfishing water bodies that bear no 
resemblance to the LPRSA.  The CPG does not agree that the rate 
developed by USEPA based on Burger’s 1999 survey of Newark Bay, 
which did not cover the LPR, is appropriate.  The CPG is dismayed that 
USEPA relies on studies conducted outside of the LPRSA (Burger 2002; 
Burger et al 1999; May and Burger 1996; NJDEP 1995) and ignores 
relevant site-specific information collected during an intensive on-site 
year-long survey in the study area (Triangle Economic Resources, 2001).   
With regard to alternate consumption rates, CPG has spent considerable 
time evaluating this issue and would welcome the opportunity to 
collaborate with USEPA.  
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

9 General 
comment 

While the CPG has not decided yet whether they intend to 
conduct a probabilistic risk assessment (PRA), EPA does not 
recommend conducting one for the following reasons:  
a. It may not be useful since the current risks calculated in the 
FFS are already above the criteria identified in Section 2.3.2 of 
the RAGS Part III (see page 2-11 and 2-12, 
http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt
_complete.pdf).   
b. The development of a PRA will take significant time (on the 
order of a year or two) for review of workplans, development of 
distributions, and review of computer codes/documents, which is 
also resource intensive. 
 

Although the potential risks estimated by USEPA in the draft FFS HHRA 
exceed the criteria identified in Section 2.3.2 of RAGS Part III; the CPG 
does not agree that this a sound and appropriate rationale for not 
undertaking a PRA for the LPRSA.  The draft FFS HHRA followed a 
screening level risk assessment approach based on data that is now 
largely over10 years old and representative of only RM 1-7.  Given the 
large body of site-specific data and information generated since 2007 for 
the entire 17.4 mile LPRSA, basing the decision whether to pursue a PRA 
on the outcome of the draft FFS is inappropriate.  CPG maintains that use 
of PRA, which is supported by USEPA’s guidance, provides valuable 
information for consideration in risk management decision-making. For the 
record, the CPG does not agree with the analysis or findings of the draft 
FFS. Rather, information gathered during the ongoing RI/FS should be 
used in future decision-making at the site.  CPG also believes that given 
the complexity of the LPRSA and the value that probabilistic analyses 
bring to risk management decision-making, basing the decision not to 
pursue a site-specific PRA for the LPRSA on concerns related to time and 
resources may be shortsighted.   
As stated in the draft RARC Plan, CPG agrees to initially conduct 
deterministic analyses for both the human health and ecological risk 
assessments. The decision to conduct a probabilistic risk assessment 
should be made following an evaluation of the results of the deterministic 
risk assessments.  

11 General 
comment 

The document highlights the 2009 Exposure Factors Handbook 
and its recommendations. This document recently completed its 
external peer-review and EPA is currently addressing comments. 
At this point in time, the document is “do not cite or quote” and it 
should only be incorporated when the review and response to 
comments are addressed and the final version is posted on 
EPA’s homepage. 

CPG will remove reference to USEPA’s Exposure Factors Handbook 
(External Review Draft) 2009 Update until the document is finalized.   
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

12 General 
comment 

The Superfund risk assessment process addresses both 
chemical and radiological risks, but not microbial risks. 
Discussion of microbial risks should not be included in the risk 
assessments for this project. Also note that the 2009 Protocol for 
Microbial Risk Assessment referred to in the document is still out 
for public review and the comments are being addressed. It is 
premature to use a document that has not been finalized by the 
Agency. 

CPG understands that the current Superfund risk assessment process 
does not specifically address site-specific microbial risks.  However, 
microbial risks are a well-documented component of “background risks” to 
river users.  As such, they should be included in the baseline HHRA in the 
broader discussion of background conditions, along with reference to 
more recognizable risks, such as radiation, accidents, lifestyle, to place 
chemical risks into perspective.  “USEPA strives for transparency in 
decision-making and encourages programs to better advise citizens about 
the environmental and public health risks they face” (USEPA 1997, 
USEPA 2002).   
Risk management and remedy decision-making conducted for the LPRSA 
under a risk-based process that does not consider documented site-
specific risks related to background microbial conditions is flawed. 
 

13 General 
comment 

Throughout the document, reconnaissance surveys are 
mentioned. However, the document does not identify the types of 
information that will be collected to support the risk assessments 
and how this information will be used. If, after reviewing the 
recommendations and directives enclosed herein, the CPG still 
feels that certain surveys are necessary, then they must be 
described, in detail, in writing, within 60 days of receipt of these 
comments. EPA approval must be obtained prior to moving 
forward with any additional surveys. 

Surveys planned for the LPRSA were described in detail in Section 6 of 
the Problem Formulation Document (PFD) and in the subsequent 
Fish/Decapod and Benthic QAPPS and corresponding USEPA-approved 
QAPP addendums describing the 2010 surveys for fish community, 
benthic community, avian community and habitat identification.  A 
summary of the surveys conducted to date and how the information will be 
used in the risk assessments will be provided as part of the revised RARC 
Plan. 
The only HHRA-related reconnaissance survey is the Habitat Survey 
conducted the week of September 20, 2010, during which information 
regarding human access and exposure potential along the shoreline of the 
LPRSA was recorded, concurrent with ecological and aquatic habitat 
surveying.  The information collected is described in the USEPA-approved 
Habitat QAPP.  If there are data gaps in the risk assessment or if 
conditions change in some portion of the river, CPG reserves the right to 
conduct additional surveys to reduce uncertainty surrounding the risk 
estimate, in accordance with USEPA guidance (EPA 1997, 1998).  Please 
note the PFD is a living document and will be updated as the CPG and 
USEPA update the CSM. 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

14 General 
comment 

Throughout the document, references to what data will be used 
and how it will be evaluated will need to be revised to be 
consistent with the to-be-revised Data Usability and Data 
Evaluation Plan. 
 
 

The RARC Plan will be revised to be consistent with the revised Data 
Usability and Data Evaluation Plan.  

Specific Comments  
15 Section 1 

Page 1 
Change the end of the first sentence of the second paragraph on 
the page to “…and as site-specific as possible given the 
available data.”  

The RARC Plan will be revised as requested.  

16a Section 1.1 
Page 1  

a. A simple definition of the study area should be provided in the 
introduction to this document. Please add the following 
information to this section: “The LPRSA encompasses the lower 
17.4 miles of the Passaic River, from Newark Bay to Dundee 
Dam.”  

The RARC Plan will be revised to include a modified definition of the study 
area, as described in the USEPA-approved 2009 Problem Formulation 
Document, as “the 17.4-mile stretch of the Lower Passaic River and its 
tributaries from Dundee Dam to Newark Bay.”  

16b Section 1.1 
Page 1  

b. The discussion should also mention that there are efforts 
underway to restore the river as a viable natural resource, both 
within the 17.4-mile stretch and above Dundee Damn.  

The RARC Plan will be revised to state that there are planning efforts 
underway that, if implemented, may restore some of the services that the 
river once provided as a viable natural resource. 

17a Section 1.2 
Pages 1 to 2 

a. As noted in previous comments regarding the draft Data 
Usability and Data Evaluation Plan, all data must be vetted 
against the data quality objectives (DQOs) prior to use. Please 
adjust the language in this section to indicate that all data, and 
not just data collected by third parties, will be evaluated against 
DQOs prior to use in the risk assessments. Ultimately, this 
section needs to be consistent with the final Data Usability and 
Data Evaluation Plan.  

This section will be revised to be consistent with the final Data Usability 
and Data Evaluation Plan.  All data will be evaluated against the 
appropriate DQOs prior to use in the risk assessments 

17b Section 1.2 
Pages 1 to 2 

b. The list of QAPPs on Page 2 needs to be updated.  The RARC Plan will be revised as requested.  
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

17c Section 1.2 
Pages 1 to 2 

c. Data from the 2001 creel angler survey conducted by Tierra 
Solutions, Inc. should not be used in the risk assessments. As 
has been noted previously, the survey was referenced in the 
Problem Formulation Document as part of a summary of all 
studies completed on the river. The PFD clearly states that the 
survey was conducted without EPA approval. EPA disagrees 
both with how the survey was conducted and with the 
conclusions drawn from it. For example, ingestion rates were not 
calculated correctly in the survey report. The survey identified 7 
individuals who reported consuming fish (see Ray et al, Table 1). 
Consistent with the definition for a Reasonably Maximally 
Exposed Individual, this N = 7 will represent the RME group. 
When calculated this way, the data indicate that the maximum 
consumption rate was 28 grams/day (see Ray et al. page 525) 
and the estimated maximum annual consumption was 23.95 
grams/day (see Table 3). These values are close to the default 
ingestion rate of 26 grams/day which is the current value from 
the 1997 Exposure Factors Handbook. 

USEPA is inconsistent and incorrect in its reference to and reliance on 
Tierra’s 2000-2001 Creel Angler Survey (CAS).   
First, USEPA states that data from Tierra’s CAS should not be used in the 
HHRA, yet cites the maximum rate calculated from CAS data by Ray et al 
(2007b) in defense of the default fish consumption rate.   
Second, USEPA incorrectly states that consumption rates were calculated 
in the survey report – they were not.  Consumption rates were published 
several years later in Ray et al (2007b).  The 2001 CAS Data Report by 
Triangle Economic Resources (TER) provides extensive useful, site-
specific data (e.g., species consumed, cooking preferences) that should 
be considered in the HHRA, and is a separate document from the 
subsequent series of 2007 peer-reviewed and published articles based on 
analyses of the CAS data.  The series of three peer-reviewed, published 
articles based on the 2000-2001 CAS provide valuable site-specific 
information and analysis that should not be summarily disregarded, even 
if USEPA does not agree with the calculated consumption rates (Ray et 
al. 2007a,b; Kinnell et al. 2007).   
Third, USEPA has not provided valid objections to Tierra’s 2000-2001 
CAS. The survey methodology of on-site intercepts was used by NJDEP 
and Burger in their Newark Bay surveys (Burger 2002; Burger et al 1999; 
May and Burger 1996; NJDEP 1995), and has been used in numerous 
other angler surveys of urban waterways.  The CAS was conducted over 
an entire year; the Newark Bay surveys were four months in duration.  
The Tierra CAS also included boat counts which provided an additional 
level of study area coverage and enabled statistical verification that 
interviewer presence was not deterring anglers.  In short, the fact that the 
CAS was conducted without USEPA approval does not negate the value 
of the survey or its results.   
Fourth, the CPG disagrees that it is appropriate to define the RME angler 
based on the maximum estimated consumption rate of the 7 intercepted 
anglers that reported consuming fish (Ray et al. 2007b).  As USEPA 
knows, the 26 g/day rate from the 1997 EFH is based on consuming and 
non-consuming anglers.  It is also inconsistent with USEPA’s guidance to 
base RME exposure factors on maximum values.  The use of a 90th or 
95th percentile value (but never a maximum) to represent an RME fish 
consumption rate is consistent with sediment site HHRAs performed 
around the country, including USEPA’s HHRA for the Hudson River (90th 
percentile RME consumption rate). 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

18 Section 2 
(throughout)  

Non-chemical stressors should not be included as part of the risk 
characterization for the BERA, and should not be quantified. 
They may be discussed, qualitatively, in the habitat or 
environmental characterization section of the BERA.  

The use of non-chemical stressors within the BERA is consistent with 
USEPA guidance on risk description/estimation, within the risk 
characterization for the BERA.  There are multiple guidances/guidelines 
for ERAs.  In USEPA 1992, a stressor is defined as any physical, 
chemical, or biological entity that can induce an adverse response.  
USEPA 1992 further states that a stressor-response profile should be 
developed and the risk estimation consists of comparing the exposure 
and the stressor-response profiles as well as assessing and summarizing 
the uncertainties.  While USEPA 1997 screening level ERA guidance 
focuses on chemical stressors for hazardous waste sites, USEPA 1998 
guidelines go into explicit detail on non-chemical stressors and how to 
incorporate into the risk analysis.  In USEPA 1998, Section 5, USEPA 
states, “Completing risk characterization allows risk assessors to clarify 
the relationships between stressors, effects, and ecological entities and to 
reach conclusions regarding the occurrence of exposure and the adversity 
of existing or anticipated effects”.  This information helps to provide 
context for future risk management decisions.  These non-chemical 
stressors (e.g., habitat alterations, grain size, TOC) are important to 
characterize as part of risk characterization to better understand how 
ecological populations are influenced by both chemical and non-chemical 
stressors.  In EPA-SAB-08-002, dated Oct 17, 2007, Advice to EPA on 
Advancing the Science and Application of Ecological Risk Assessment in 
Environmental Decision Making: A Report of the U.S. EPA Science 
Advisory Board, it is stated (Section 1), “Guidance should be developed to 
better define what ecological attributes EPA is striving to protect and how 
to apply risk assessment findings to decisions.  In the short term, EPA 
could make progress toward incorporating such guidance into decision-
making processes.  Non chemical stressors alone and in combination with 
chemical stressors should be considered in developing ecological risk 
assessment guidance, models, and endpoints.  Endpoints should reflect 
elements of ecological condition such as ecological processes and 
various levels of biological organization including landscape composition 
and pattern.”  Non-chemical stressors have been included in other risk 
assessments around the country, including Onondaga Lake and 
Commencement Bay. 

19a Section 2 
Page 5  

a. The list of data collection efforts to date on this page needs to 
be updated.  

The RARC Plan will be revised as requested.  
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

19b Section 2 
Page 5  

b. Change the last sentence of the 4th paragraph on the page to 
state that understanding the impacts of habitat constraints in the 
LRRSA is part of assessing current ecological risks and planning 
restoration.  

The RARC Plan will be revised as requested. 
 

20a Section 
2.1.1 Page 8 

a. Tissue concentrations for avian egg tissue will also be 
estimated and there should be an explanation of how the 
chemical parameters to be modeled will be determined.  

The CPG will evaluate the available literature and scientific 
basis/approaches for estimating avian egg concentrations of contaminants 
and provide USEPA with its findings prior to determining specifically how 
this may be accomplished in the ERA. 

21  Section 
2.1.2 Pages 
9-10  

It is unclear how populations (vs. individuals) will be evaluated in 
some cases. It is recognized that assessing population level 
impacts is appropriate for non-special status species, but it 
appears that impacts to individuals (based on ecotoxicity data) 
will form the basis of these assessments. For example, 
assessments of amphibian populations are extremely difficult to 
perform, yet impacts on tadpoles based on aquatic toxicity data 
can be used to infer population level impacts depending on 
assumptions. It may be more clear to state that population level 
impacts will be inferred from data based on impacts to 
individuals (presumably using survival, growth, and reproduction 
endpoints).  

The RARC Plan will be revised to include more discussion reading how a 
population level assessment will be conducted  and will include a 
statement that population level impacts may be inferred, if appropriate, 
from data based on impacts to individuals (using survival, growth, and 
reproduction endpoints).   

22a Section 
2.1.3; Table 
2-1 Pages 
11 to 17 

a. Surface water contaminant levels used in the evaluation of 
benthic organisms should be obtained immediately above the 
sediment, from 0 to 6 inches.  

The draft Small Volume CWCM QAPP currently undergoing review by 
USEPA (submitted on September 3, 2010), specifies that surface water in 
the mainstem of the LPRSA will be collected 3 feet above the sediment 
surface between RM 0 and RM 13.5.  It is not appropriate nor practical to 
collect a sample 0-6 inches above the sediment.  The result will be a 
sediment/water slurry that is not representative of water quality conditions 
or benthic exposure. 

22b Section 
2.1.3; Table 
2-1 Pages 
11 to 17 

b. Footnote a will need to be revised to be consistent with the 
approved wording in the to-be-revised Data Usability Report. 

The footnote will be revised to be consistent with the final Data Usability 
and Data Evaluation Plan. 

23a Section 
2.1.4 Page 
18  

a. In the second paragraph, first sentence, suggest replacing 
“…ecological species…” with “…types of potential ecological 
receptors…” or something similar; the groups noted are not 
species.  

The RARC Plan will be revised as requested.  
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

23b Section 
2.1.4 Page 
18  

b. In the fourth paragraph, first sentence, suggest replacing 
“…dominant bird species…” with “…types of birds…” or “…avian 
receptors….” The groups noted are not species. Also, throughout 
the document references to “species” should be checked to 
verify that organisms noted are species rather than types or 
groups.  

The RARC Plan will be revised as requested.  

24 Section 
2.1.4 Page 
20  

The first sentence states “…a number of the estuarine ROCs 
(i.e., blue crab, white perch, and American eel) were found in all 
reaches of the freshwater portion (river mile [RM] 10 to RM 
17.4), demonstrating that these fish may have some tolerance 
for fresh water.” The way this sentence is structured does not 
recognize that American eel are catadromous fish that spawn in 
the sea but spend most of their lives in freshwater.  

The RARC Plan will be revised to clarify the referenced statement.  

25 Section 
2.1.4 Page 
23  

The document should not make reference to conclusions drawn 
in the draft LRC report, particularly since some of these 
conclusions are being challenged. Please remove this language.  

References to the draft LRC report conclusions will be removed until 
USEPA-approved conclusions are developed. 

26 Section 2.3 
Page 24  

The first paragraph states that exposure estimates for the 
baseline ecological risk assessment (BERA) will include both the 
mean and upper confidence limit of the mean (UCL). It is 
assumed that the statistic for the UCL will be the 95 percent 
UCL, but this is not stated as such. Please provide the statistic 
that will be calculated and used in the BERA to reflect the UCL 
on the arithmetic mean. This issue is discussed in more detail in 
subsequent paragraphs, with specific reference to use of Pro-
UCL.  

It should be noted that USEPA’s PRoUCL 4.00.05 software tests the 
goodness of fit for a given dataset and then computes an appropriate 95th 
UCL statistical value. Therefore, when ProUCL is used, the recommended 
statistic will be selected. Nonetheless, the RARC Plan will be revised to 
clarify that both the mean and the 95th UCL will be included in the 
statistics that are calculated in the ERA.  

27 Section 
2.3.1.3 Page 
26  

Do the listed “n” values represent the total number of samples, 
the samples per site, or the number of organisms per test? 
Please clarify.  

The RARC Plan will be revised to clarify the “n” values within the specific 
context.  The “n” values may be dependent on the exposure areas that 
are chosen and how the species and test species data are analyzed.  

28 Section 
2.3.1.4 Page 
28  

White Sucker and carp will also be analyzed for chemical 
residues and should be included in the bullets in this section.  

The RARC Plan will be revised to include white sucker and carp. 
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USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

30 Section 
2.3.1.4 Page 
30  

Because we are not looking at water ingestion and potential 
uptake across the gill, it would be good to compare modeled fish 
tissue concentrations to measured fish tissue concentrations, to 
ensure that the model is predicting the appropriate 
concentrations for the future assessments.  

A food web model (FWM) will not be conducted as part of the baseline 
risk assessments (RAs); as such, a comparison of observed and 
predicted tissue concentrations will not included in the baseline RAs.  
Based on the results of the RAs, the development and calibration of a 
site-specific FWM will be completed for the calculation of remediation 
goals associated with long-term monitoring of fish tissue when it is 
necessary to establish a link between chemical concentrations in 
sediment and tissue.  This effort will include the use of site-specific data to 
best parameterize and calibrate the model, along with the comparison of 
empirical tissue data with modeled tissue data to validate the model (i.e., 
determine if it is able to successfully predict tissue concentrations). If a 
functional model is successfully developed, it will also be used to evaluate 
alternatives as part of the FS.  

31 Section 
2.3.1.4 Page 
31  

Please clarify what sediment depth will be used to calculate the 
BSAF for mummichog and darter/killifish. The depth used should 
correlate with the small forage fish burrowing depth when they 
overwinter in the sediments.  

The co-located sediment (with a depth of 0-15 cm) will be used in the 
BSAF evaluation for mummichog.  This depth corresponds with the 
mummichog fish overwintering burrowing depth. This will be clarified in 
the revised RARC Plan.  

32 Section 
2.3.2.1 Page 
36  

The report states that average fish body weights will be based on 
the fish that are actually analyzed. This will likely skew the 
results towards heavier weights since, in general, larger 
individuals were chosen for analysis. Instead, a range of fish 
should be utilized to calculate the weights, based on (a) the fish 
that were analyzed, (b) the fish that were not analyzed, and (c) 
the complete data set for each species. A discussion should be 
included on how the use of each of these data sets affects the 
outcome.  

The average fish body weight across all fish caught (including both those 
caught for analysis and those caught but not submitted for analysis) will 
be used.  An uncertainty evaluation will be conducted to determine how 
risk estimates would change based on using: 1) only the average body 
weights of fish analyzed, or 2) only the average body weights of fish 
collected but not analyzed.  A length-weight relationship assessment will 
be conducted for all fish species that are captured/analyzed and those 
statistics will help in determining average and uncertainties. 

36 Table 2-6 
Page 58  

The Amphibian/Reptile Populations section has a footnote “d” 
indicator, but no footnote d is provided. Please clarify.  

The RARC Plan will be revised to include footnote d. 

37 Section 
2.5.1.2 Page 
64  

The report cites the NJDEP SQGs dated 1998. EPA will be 
providing tables with updated ecological screening criteria. See 
also Comment 62.  

CPG will use the most current and appropriate ecological screening 
values and discuss any updated guidelines/benchmarks provided by 
USEPA for inclusion into the RARC Plan.  
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39 Section 3.3 
Page 71  

The use of default or surrogate assumptions is consistent with 
USEPA guidance. In fact, depending on the parameter, such 
assumptions are valuable and recommended for use in the risk 
assessment process as noted in many of the USEPA documents 
cited in the draft RARC. Based on this information, the last 
sentence in the second paragraph should be revised to read 
“While use of some default or surrogate assumptions is 
necessary in the remedial decision-making process, USEPA 
guidance documents stress the importance of using data that 
represent the characteristics of the local population(s) and site 
where possible and appropriate (USEPA 1989a, b, 1991a, 
1997b, 1998a, 2000a).”  

CPG will revise the last sentence with the following modification: 
“While use of some default or surrogate assumptions may be appropriate 
in the remedial decision-making process, USEPA guidance documents 
stress the importance of using data that represent the characteristics of 
the local population(s) and site where possible (USEPA 1989a, b, 1991a, 
1997b, 1998a, 2000a).” 

41 Section 
3.3.2 Page 
90  

It is not clear how the inhalation of COPCs that may volatilize will 
be evaluated in the risk assessment. Further details regarding 
the proposed screening assessment of this exposure pathway 
are needed for full evaluation of this pathway.  

As outlined in the draft RARC Plan, the analysis of the inhalation pathway 
will be a tiered process, whereby the potential for risk is first identified 
through a conservative screening process to determine if estimation of 
exposure point concentrations and quantitative inclusion of the inhalation 
pathway in the baseline risk assessment is necessary.  If the screening 
assessment indicates further evaluation is warranted, standard and 
accepted methods will be used to estimate potential emission rates and 
dispersion models will then be applied to estimate exposure point 
concentrations for COPCs that may volatilize.   
CPG will submit to USEPA by 12/15/10 an Air Pathway Evaluation Plan  
that provides further details on the proposed inhalation pathway screening 
assessment and modeling approach.     
 

42 Section 
3.3.2 Page 
92  

The reasons for EPA’s concern with evaluating risks and 
hazards to a transient population quantitatively should be 
discussed in the text, including a discussion of the high 
uncertainty associated with these exposures. EPA’s concerns 
stem from the lack of specific information on the exposure 
patterns for this population, and the extreme difficulty for the 
CPG or others to collect exposure information on this population. 
The qualitative evaluation will help inform the full evaluation of 
the exposed groups without collecting information that may be 
unnecessarily invasive of individual privacy.  

The RARC Plan will be revised to address USEPA’s concerns and 
rationale for not quantitatively evaluating the transient population in the 
baseline HHRA. 
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45 Section 
3.3.4.6 Page 
101  

The first paragraph of this section needs to be revised. Existing 
EPA guidance does not preclude the use of default values, as is 
implied. See also Comment 39.  

The RARC Plan will be revised accordingly and consistent with response 
to Comment No. 39. 

47a Section 
3.3.4.13 
Pages 104 
to 105 

a. The dermal absorption fraction should use values in RAGS 
Part E, with appropriate future updates. The EPA Region 4 
document referenced in the RARC document was prepared 
before RAGS Part E was finalized. The EPA Region 4 document 
should not be included in the assessment since RAGS Part E, 
page 3-18, recommended the use of a fraction for semivolatile 
organic compounds (SVOCs) of 10% as a screening method for 
the majority of SVOCs without dermal absorption fractions. The 
document further indicates that for inorganics, the speciation of 
the compound is critical to the dermal absorption and there are 
too little data to extrapolate a reasonable default value. 

The RAGS Part E default dermal absorption factors of 10% for SVOCs 
without chemical-specific factors may be overly conservative for a number 
of SVOCs.  However, it will be used as a screening level value, with the 
option for refinement based on scientific literature and site-specific 
considerations as needed.  As with oral absorption adjustment factors, the 
CPG will submit any alternate dermal absorption factors to USEPA prior 
to their use in the baseline HHRA. 
 
Clarification is needed regarding evaluation of inorganics lacking specific 
dermal absorption fractions (i.e., whether to evaluate qualitatively or 
develop absorption factor based on literature and site-specific data). 

47b Section 
3.3.4.13 
Pages 104 
to 105  

The oral absorption adjustment factors will need to be submitted 
to EPA before being applied in the assessment. General 
guidance on this evaluation is presented in RAGS Part E on 
page 4-2.  

The CPG will submit proposed oral absorption adjustment factors to 
USEPA prior to their use in the baseline HHRA. 
 

47c Section 
3.3.4.13 
Pages 104 
to 105  

EPA agrees that the permeability coefficients should be derived 
from RAGS Part E. RAGS Part E specifically recommends 
permeability coefficients. Any deviation from the use of existing 
values will need to be evaluated by EPA before incorporation 
into the risk assessment. 

The CPG will submit any proposed deviations from RAGS Part E 
permeability coefficients to USEPA prior to their use in the baseline 
HHRA. 

49 Section 
3.3.5 Page 
106  

The document lacks discussion of UCL guidance and how this 
guidance will be addressed in the assessment. Greater details 
regarding the proposed approach for evaluating data to 
determine if it is appropriate to separate the river into individual 
sections will need to be submitted to EPA for review and 
approval. In addition, it is important to consider whether the 
analysis will be based on fish tissue concentrations or modeled 
concentrations. See also Comment 51.  

The CPG will include additional discussion of UCL guidance in the revised 
RARC Plan.   
Please see response to Comment No. 30 on how and under what 
circumstances modeling will be conducted. 
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51c Section 
3.3.5.2 
Pages 108 
to 110  

 The document will need to identify the proposed models that will 
be used in evaluating ambient air EPCs. This proposal will need 
to be reviewed by the air modelers in EPA Region 2’s Air 
Programs.  

The draft RARC Plan currently identifies the air models that are 
anticipated to be used.  Presently, SCREEN3 model is the only screening-
level USEPA model available.  AERSCREEN, a potentially more 
advanced screening model, is under development by USEPA.  For more 
refined modeling, USEPA’s dispersion model AERMOD is proposed.   
CPG will submit to USEPA by 12/15/10 an Air Pathway Evaluation Plan 
that provides further details on the proposed inhalation pathway screening 
assessment and modeling approach.     
See response to Comment No. 41. 

51d Section 
3.3.5.2 
Pages 108 
to 110  

EPA is discussing the use of modeled data to develop EPCs 
internally and will provide our recommendation in the future. See 
also Comment 49.  

Comment noted. Please see response to Comment No. 30. 

52a Section 3.4 
Pages 110 
to 111 

Consistent with the Cancer Guidelines, the application of Age 
Dependent Adjustment Factors (ADAFs) for chemicals with a 
mutagenic mode of action is appropriate in the calculation of risk 
for specific chemicals, such as PAHs. Consistent with the 
Cancer Guidelines and Supplemental Guidance for Assessing 
Susceptibility for Early-Life Exposure to Carcinogens, the ADAFs 
should be applied in the calculation of the risks and also 
discussed in the uncertainty section of the report. The document 
should clarify that the risks will be calculated for PAHs and 
associated chemicals with mutagenic modes of action, and that 
the results of this analysis will be discussed in the Risk 
Characterization/Uncertainty section of the report. 

The draft RARC Plan currently includes evaluation of COPCs with 
potential mutagenic modes of action in the Uncertainty Analysis.   
Per USEPA request, potential cancer risks for COPCs with potential 
mutagenic modes of action will be calculated using appropriate toxicity 
values or ADAFs, and discussed in the Risk Characterization and 
Uncertainty sections of the report. 
 

52b Section 3.4 
Pages 110 
to 111 

As a point of clarification, consistent with the SAB 
recommendation in the Soil Screening Level Guidance, a child 1 
to 6 years will be considered to have a chronic exposure. 

Comment noted. 
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52c Section 3.4 
Pages 110 
to 111 

All Tier 3 toxicity values will need to be evaluated by EPA before 
their use in the assessment. Statements regarding use of 
provisional values that have not yet been peer-reviewed require 
further clarification regarding how these values will be obtained 
before they are peer-reviewed. Until the values have completed 
peer-review and the peer-review comments are addressed, 
these values should not be used in the assessment. Any use of 
Tier 3, surrogate values, etc. will need to be evaluated and 
approved by EPA before use in the assessment. 

Tier 3 toxicity values and surrogate values proposed for use will be 
submitted to USEPA prior to their use in the baseline HHRA. 

53 Section 
3.5.1 Page 
112 

The discussion of cancer should indicate that cancer is a disease 
process. The term contract cancer should be replaced by the 
term develop cancer.  

The RARC Plan will be revised as requested. 

54a Section 
3.5.1 Pages 
112 114 

a. EPA disagrees with the proposal to sum cancer risks based 
on carcinogenic endpoint/target organ. Cancer risks represent 
increased probabilities of developing the disease and 
concordance between cancer organ in animals and tumor sites 
in humans is not always established. The cancer risks should be 
combined based on the calculated cancer risks of individual 
chemicals and not based on individual endpoints as suggested in 
the text on page 113. The text should indicate that the risks from 
exposure to carcinogenic chemicals will be summed.  

The RARC Plan will be revised as requested. 
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54b Section 
3.5.1 Pages 
112 114 

The cumulative cancer risk estimated in the risk assessment is 
only one of several factors that risk managers consider in 
determining whether further evaluation or action is warranted on 
a Superfund site. Please remove the statement “If the cumulative 
carcinogenic risk for a receptor is less than 10-4, then no further 
evaluation or action is warranted based on potential carcinogenic 
risks.” The discussion of the cancer risks does not acknowledge 
the need to consider non-cancer health effects in addition to 
cancer. For many of the chemicals of concern, cancer risks of 
10-5 are associated with a non-cancer HI = 1 or more. 
Therefore, the consideration of the cancer risks must also 
consider the non-cancer health hazards. The NCP (40 CFR 
300.430(e)(2) indicates that “For systemic toxicants, acceptable 
exposure levels shall represent concentration levels to which the 
human population, including sensitive subgroups, may be 
exposed without adverse effect during a lifetime or part of a 
lifetime, incorporating an adequate margin of safety …”. In 
addition, the 1991 document, Role of the Baseline Risk 
Assessment states: “Where the cumulative carcinogenic site risk 
to an individual based on reasonable maximum exposure for 
both current and future land use is less than 10-4 and the non-
carcinogenic hazard quotient is less than 1, action generally is 
not warranted unless there are adverse environmental 
impacts….” 

The RARC Plan currently references the 1991 document cited in 
USEPA’s comment and states that both cancer and non-cancer risk 
estimates must be considered when interpreting risk results, as stated on 
page 113.  To address USEPA’s comment, the last sentence in the 
discussion of cancer risks will be revised as follows (new text in italics): 
 
“If the cumulative carcinogenic risk for a receptor is less than 10-4, then no 
further evaluation or action is warranted based on potential carcinogenic 
risks.  However, as previously noted, in determining the need for remedial 
action, consideration must also be given to cumulative noncarcinogenic 
risks, as discussed in the following section.” 
 
 

54c Section 
3.5.1 Pages 
112 114 

The risk assessment should also include an analysis of cancer 
risks across multiple chemicals and pathways. This should be 
specifically stated in the document. 

The draft RARC Plan currently states that pathway risks will be summed 
for each receptor on page 113.  To address USEPA’s comment, the text 
will be revised to specifically state that cancer risks will be summed 
across chemicals and pathways.   

55 Section 
3.5.2 Page 
114 

Potential exposures should be addressed across pathways, not 
just within a single pathway. 

The draft RARC Plan currently states that pathway risks will be summed 
for each receptor on page 113.  To address USEPA’s comment, the text 
will be revised to specifically state that cancer risks will be summed 
across chemicals and pathways.   
Please see response to Comment No. 54c.   
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56 Section 3.6 
Pages 115 
to 118  

The document highlights that all of the assumptions made are 
conservative and potentially overestimate risks. This statement is 
not correct. Many chemicals lack toxicity information, which may 
result in an underestimate of risks. Also, there are a number of 
pathways which are not quantified, such as ingestion of human 
breast milk, which may result in an underestimate of risk.  

The CPG disagrees that the Uncertainty Analysis discussion highlights 
that all of the assumptions made are conservative and potentially 
overestimate risks.  For example, the last sentence in the second 
paragraph states that the uncertainty evaluation will include “a discussion 
of approaches taken and/or assumptions made to compensate for 
uncertainty, and the likely impact on the risk results.”  A presumption of 
the impact on risk results is not inferred.  However, the examples provided 
in USEPA’s comments will be incorporated into the RARC Plan.   

57 Section 3.6 
Page 115  

As was stated in the general comments, EPA does not 
recommend conducting a probabilistic risk assessment. The 
current risks calculated in the FFS are already above the criteria 
identified in Section 2.3.2 of RAGS Part III (see Pages 2-11 and 
2-12, 
http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt 
complete.pdf)  

Although the potential risks estimated by USEPA in the draft FFS HHRA 
exceed the criteria identified in Section 2.3.2 of RAGS Part III; the CPG 
does not agree that this a sound and appropriate rationale for not 
undertaking a PRA for the LPRSA.  The draft FFS HHRA followed a 
screening level risk assessment approach based on data that is now 
largely over10 years old and representative of RM 1-7.  Given the large 
body of site-specific data and information generated since 2007 for the 
entire 17.4 mile LPRSA, basing the decision whether to pursue a PRA on 
the outcome of the draft FFS is inappropriate. CPG maintains that use of 
PRA, which is supported by USEPA’s guidance, provides valuable 
information for consideration in risk management decision-making. For the 
record, the CPG does not agree with the analysis or findings of the FFS. 
Rather, information gathered during the ongoing RI/FS should be used in 
future decision-making at the site.   
As stated in the draft RARC Plan, CPG agrees to initially conduct 
deterministic analyses for both the human health and ecological risk 
assessments. The decision to conduct a probabilistic risk assessment 
should be made following an evaluation of the results of the deterministic 
risk assessments.  
Please see response to Comment No. 9. 
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58 Section 
3.6.4 Page 
117  

The discussion of pathogens from CSOs and SWOs should note 
that this analysis is outside of the Superfund program and that 
these risks are addressed by separate legislative mandates, 
such as the Clean Water Act.  

The risk assessment text will note that pathogen risks are addressed 
outside of the Superfund program by separate legislative mandates, such 
as the Clean Water Act.  
The CPG believes it is important to acknowledge in the background 
discussion of the risk assessment the presence of pathogen risks in the 
LPRSA.  Pathogens are another example of non-chemical stressors that 
provide context for risk management decisions.  Microbial risks are a well-
documented component of “background risks” to river users that should 
be considered within the broader context of background conditions. For 
example, risk assessment results are often compared to more 
recognizable risks, such as radiation, accidents, lifestyle, to help place 
chemical risks into perspective.  ”EPA strives for transparency in decision-
making and encourages programs to better advise citizens about the 
environmental and public health risks they face” (USEPA 2002). 
Please see response to Comment No. 12.   

59a Appendix A: 
General 
Comments  

a. In several places this document refers to risks to ‘wildlife’, and 
the assumption is that in this context wildlife refers to upper 
trophic level birds and mammals. It might be best to use the 
latter term to prevent any misunderstanding regarding receptors 
for which food web modeling will be performed.  

The RARC Plan will be revised where appropriate to identify upper trophic 
level birds and mammals rather than wildlife. 

59b Appendix A: 
General 
Comments 

b. It is recommended that risks and other issues related to 
amphibians and reptiles be separated for these two vertebrate 
classes. Although they are commonly grouped together as 
‘herps’, reptiles are in fact more closely related to birds than to 
amphibians. More importantly, it is expected that larval 
amphibians will form the basis of amphibian toxicity evaluations, 
and based on other information in associated documents, that 
reptiles will be represented primarily by turtles. There is no 
reason to suspect that turtle toxicity data will be related in any 
way to data based on tadpole or larval salamander data.  

The RARC Plan will be revised to separate the assessments and 
discussion of amphibian and reptiles.  

63a Appendix A 
Section 2.3 
Page 7 

a. In contrast to what is stated here, not all invertebrates can 
metabolize PAHs. PAHs must be evaluated in invertebrates.  

PAHs will be evaluated as part of the invertebrate tissue approach. This 
will be clarified in the revised RARC Plan.  
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63b Appendix A 
Section 2.3 
Page 7  

b. It is not clear why a sediment detection values is included in 
the flowchart on Page 7. It is possible for contaminants to 
bioaccumulate through the food chain and be observed in tissue 
but not in sediment. The sediment parameter should be removed 
from this box and the subsequent text.  

CPG disagrees and is including sediment in the tissue COPC selection 
process to be consistent with a site-specific risk assessment approach 
(please note the COPC/COPEC process is one of the 12 major issues 
CPG identified that need further discussion with USEPA).  The chemicals 
identified that are in one medium but not in sediment will be listed and 
discussed in the uncertainty section of the risk assessment.  

64 Appendix A 
Section 3 
Page 9  

Consistent with RAGs Part A, known human carcinogens should 
be included as chemicals of concern regardless of the detected 
concentration.  

RAGS Part A does not require that known human carcinogens be retained 
as COPCs regardless of detected concentration.  RAGS Part A states that 
it may be practical and conservative to retain a chemical detected at low 
concentrations if it is a Group A (known human) carcinogen.  If 
concentrations are below a conservative screening level, the chemical’s 
contribution to total site risk is truly negligible.   
However, at USEPA’s request, the RARC Plan will be revised to clarify 
that chemicals detected in sampled media that are classified by USEPA 
as known human carcinogens will be retained as COPCs. 

65a Appendix A 
Figure 3-1 
Page 10  

a. The potential use of surrogate data in the assessment of 
chemical toxicity information will need to be reviewed by EPA 
before it is used in the assessment. As has been noted 
previously, this review could be a very lengthy process.  

The CPG will submit proposed surrogate values for use in the COPC 
selection process to USEPA prior to their use in the assessment. 

65b Appendix A 
Figure 3-1 
Page 10 

b. Footnote a should state that all known carcinogens will be 
retained as COPCs.  
 

Footnote a will be revised to state that chemicals detected in sample 
media that are classified by USEPA as known human carcinogens will be 
retained as COPCs. 

65c Appendix A 
Figure 3-1 
Page 10 

c. Footnote b suggests consideration of species’ home ranges 
when evaluating detection frequency in sediment. Typically, the 
maximum concentration is used in the evaluation of Chemicals of 
Potential Concern. It is unclear why this evaluation is being 
further reduced for the analysis. This comment also applies to 
Figure 2-2. 

Clarification will be provided in the revised RARC Plan.  The intent is to 
consider spatial ranges of species when determining whether chemical 
tissue concentrations are linked with sediment for the site-specific 
assessment.  Chemicals detected in tissue but not or infrequently 
detected in LPRSA sediment may be attributable to sources outside of the 
study area.  Consideration of a minimum detection frequency in LPRSA 
sediment will limit identification of chemicals that are not site-related as 
tissue COPCs.  The chemicals identified that are in one medium but not in 
sediment will be listed and discussed in the uncertainty section of the risk 
assessment.  
Please see responses to Comment Nos. 63b and 67. 
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66 Appendix A 
Section 3.2 
Page 11  

Footnote #2 requires further clarification regarding why there are 
going to be multiple selection processes for chemicals of 
concern.  

Clarification will be provided in the revised RARC Plan.  The intent is to 
ensure through spatial evaluation of the data that chemicals detected in 
fewer than 5% of samples are not prematurely eliminated as COPCs if the 
detected concentrations are localized and high.   

67 Appendix A 
Section 3.2 
and Figure 
3-1  

Even if a chemical is elevated only locally in sediment, it may still 
contribute to accumulation in fish or crab tissue. Therefore, if a 
chemical is detected in greater than 5 percent of tissue samples 
it should be retained as a chemical of potential concern (COPC) 
in both tissue and sediment, even if it was detected in less than 5 
percent of sediment samples. If an argument can be made that 
the presence of that COPC in tissue is due in part to exposures 
outside the study area, the argument should be made in the 
uncertainty section of the risk assessment. Please revise the text 
and figure accordingly.  

Chemicals detected in tissue but not or infrequently detected in LPRSA 
sediment may be attributable to sources outside of the study area.  
Consideration of a minimum detection frequency in LPRSA sediment will 
limit identification of chemicals that are not site-related as tissue COPCs.  
The chemicals identified that are in one medium but not in sediment will 
be listed and discussed in the uncertainty section of the risk assessment.  
Please see responses to Comment Nos. 63b and 65c. 

68 Appendix A 
Section 
3.3.1 Pages 
12 to 13  

EPA regional screening levels (RSLs) for residential soil should 
be used to screen surface sediment without modification to 
adjust for recreational exposures under a recreational scenario. 
Some residential properties directly abut the river, so residential 
soil RSLs are not overly conservative for identifying sediment 
COPCs. Please revise the text accordingly. As discussed in the 
document, for the evaluation of Chemicals of Concern, the 
residential soil levels for cancer risk are set at a risk level of 10-6 
or an HI = 0.1. The selection of COPCs is based on risk based 
values and not SQLs or background concentrations.  
As is stated in Comment 51, a proposed process for evaluating 
data and decision criteria for segmenting the data should be 
provided to EPA for review upon receipt of the data.  

CPG does not agree that RSLs for residential soil are appropriate for 
screening surface sediment. The vast majority of land uses along the 
LPRSA shoreline are non-residential. Based on NJDEP’s 2007 land use 
classifications, over 90% of land uses along the LPRSA shoreline are 
industrial/commercial, recreational/open space, or infrastructure; only 
approximately 6% of the shoreline is classified as residential.   
It is also overly conservative to assume that the frequency and extent of 
exposure to LPRSA sediment for residences abutting the river is 
equivalent to residential soil exposure.  RSLs for residential soil exposure 
are based on conservative residential soil ingestion, dermal contact, and 
inhalation year-round exposures.  Application of residential RSLs to the 
types of occasional recreational exposures that may occur for LPRSA 
sediment is overly conservative. 
There is precedent for using residential RSLs modified for a recreational 
scenario to select sediment COPCs.  For the Atlantic Wood Industries 
Superfund Site on the Elizabeth River, the residential soil RSLs were 
modified for sediment exposure by setting the cancer benchmark at a risk 
level of 10-5 and the non-cancer benchmarks at a hazard quotient of 1 
(CDM for USEPA Region 3, 2007).  The CPG proposes that a similar 
modification be applied for selecting sediment COPCs for the LPRSA. 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

69 Appendix A 
Section 
3.3.1 Pages 
13 to 14  

EPA agrees with using the tap water residential screening levels 
with appropriate modifications as indicated in the document. 
Comparison to values such as MCLs, National Recommended 
Water Quality Criteria and Surface Water Quality Standards may 
be included in the Remedial Investigation Report and not in the 
comparisons.  

Comment noted. 

71 Appendix B 
Section 4 
and Table 4-
1  

Is fish community structure a component of the background 
evaluation? That parameter is not listed here, and if it is not a 
component of the background evaluation, please discuss the 
rationale.  

Fish community structure will not be a component of the background 
evaluation. This is consistent with the USEPA-approved Problem 
Formulation Document (PFD).  

72 Appendix B 
Section 5 
Page 8  

Microbial exposures present a very different type of risk to 
human health from toxic chemical exposures, and are beyond 
the authority of the CERCLA program. As such, an evaluation of 
risk from exposure to pathogens is not part of the CERCLA risk 
management decision process and should not be included in the 
risk assessments for this project.  

The CPG believes it is important to acknowledge in the background 
discussion of the risk assessment the presence of pathogen risks in the 
LPRSA.  Pathogens are another example of non-chemical stressors that 
provide context for risk management decisions.  Microbial risks are part of 
“background risks” to river users that should be considered within the 
broader context of background. For example, risk assessment results are 
often compared to more recognizable risks, such as radiation, accidents, 
lifestyle, to help place chemical risks into perspective.  ”EPA strives for 
transparency in decision-making and encourages programs to better 
advise citizens about the environmental and public health risks they face” 
(USEPA 2002).  See Response to Comment No. 58. 

74 Appendix C 
Section 3 
Page 6  

This section will need to be updated to match the species caught 
during the summer 2010 sampling event.  

The RARC Plan will be revised to reflect the results of the summer 2010 
fishing event(s), per comment. 

75 Appendix C 
Section 4 
Page 9  

The white perch diet percentages do not seem to match the diet 
percentages listed in Table 1-2. For example, the text on page 9 
indicates mummichogs make up 17% of the white perch diet 
(with 15% being identified as the value that will be used). 
However, Table 1-2 has 7.5% listed as the diet percentage. 
Table 1-2 should be updated to match the information provided 
in the text.  

The RARC Plan will be revised as requested. 
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1. Risk Analysis and Risk Characterization Plan (RARC Plan) Comment Responses 
USEPA 

Cmt 
No. Section Comment Proposed CPG Response 

76 Appendix C 
Section 5 
Page 10  

Throughout the appendix it is mentioned that body weights will 
only be based upon those fish that undergo chemical analysis. 
Please provide a rationale for this, as it seems that a better 
approach would be to use all of the fish data that was collected 
during the fish community surveys. Table 5-1 also uses this 
approach.  

Please see response to Comment No. 32. 

77 Appendix C 
Section 6.2 
Page 13  

Given that eels dwell within the sediment and feed upon benthic 
organisms for a large portion of their diet, an incidental sediment 
ingestion rate of greater than 5% is recommended. Please 
provide adequate references for the incidental sediment 
ingestion rates.  

The CPG will provide references from the scientific literature for the 
recommended incidental sediment ingestion rate for eel and the incidental 
sediment ingestion rate will be updated per the literature.  
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2. Data Usability and Data Evaluation Plan Comment Responses  
USEPA 

Cmt 
No. Section Comment Proposed CPG Response  

General Comments  
1 General 

comment 
EPA has reviewed the draft Data Usability and Data Evaluation 
Plan for the Lower Passaic River Study Area Risk Assessments 
submitted on February 26, 2010.  
Overall, we have some significant concerns with the document, 
not the least of which is how it fits into the larger questions of 
how the risk assessments will be conducted. As such, we will not 
approve this document, nor consider it final, until all (or at least 
more) of the risk assessment-related documents are submitted 
and reviewed holistically.  
We anticipate that a series of conversations and written 
exchanges on this topic will take place over the coming weeks 
and, most likely, months. The draft Data Usability Plan provides 
a good starting point for this dialogue. Our major concerns with 
this specific document are as follows: 

Comment noted. 

3 General 
comment- 
bullet 2 

The document also states that all data collected by the CPG as 
part of EPA-approved QAPPs and/or QAPP addenda 
automatically meets all Data Quality Objectives for the risk 
assessments. While most of the CPG data should indeed meet 
DQOs, all data must still be vetted against those DQOs prior to 
use. 

All CPG data will be reviewed for consistency with DQOs. 

4 General 
comment- 
bullet 3 

The document does not include a reference to the Risk 
Assessment Guidance for Superfund (RAGS), Part D, and the 
associated data usability worksheets. RAGS Part D must be 
used as part of the process, to evaluate data for the risk 
assessment. 

The CPG will add references to RAGS Part D, and will incorporate a 
similar format to the data usability worksheets as part of the process to 
evaluate data for the risk assessment.  
 

5 General 
comment- 
bullet 4 

EPA is working on a comprehensive review of the PREmis 
database, and will be addressing the concerns raised by the 
CPG. At this point, data should not be excluded simply because 
it is not entered properly or consistently in the database. 

The CPG acknowledges that USEPA is working on a revision to the 
PREmis database, but in order for data to be utilized it must meet data 
quality objectives and documentation must be provided to assert that data 
have been evaluated  in a manner equivalent to the standards established  
in the approved QAPPs. 

6 General 
comment 

More specific comments follow, and we reserve the right to send 
additional comments as our discussions on these topics 
progress. 

Comment noted. 



Attachment 1        

 

October 12, 2010  Page 23 
 

2. Data Usability and Data Evaluation Plan Comment Responses  
USEPA 

Cmt 
No. Section Comment Proposed CPG Response  

Specific comments 

2a Section 
2.1.2 
 

a. EPA agrees that the data loaded on PREmis needs to be 
evaluated, and we are actively developing a solution for moving 
forward. However, note that the majority of the historical data 
were collected under USEPA quality assurance/quality control 
(QA/QC) procedures, using approved QAPPs. Appropriate 
QA/QC procedures appear to have been used to generate most 
existing datasets, and the data have been used to support other 
risk assessments. Note that reports, and the associated 
metadata information, are available via hardcopy for 7 of the 13 
sediment datasets and 3 of the 6 biological tissue datasets for 
use in the risk assessments. 

Comment noted. 
 

2b Section 
2.1.2 
 

b. The acceptability of datasets (whether historical or collected 
by CPG) for use in risk assessments should be evaluated using 
the DQOs, even as database maintenance continues. The 
format of existing data should not impact data usability, 
especially since the EPA Region 2 MEDD format was not 
required for use on this project until 2007. 

A number of DQOs for PREmis datasets can be assessed while database 
maintenance continues; however, the schedule from USEPA for this work 
is needed to determine the impact on the CPG’s data review timeline and 
schedule for conducting the risk assessments. 

3 Section 2.2 The second paragraph of this section states that CPG-collected 
data “are assumed to meet DQOs specified for the baseline risk 
assessments.” Change “are assumed to” to “will be evaluated as 
to whether they.” 

The CPG will revise the Data Usability and Data Evaluation Plan to state 
that CPG-collected data will be evaluated as to whether they meet DQOs 
specified for the baseline risk assessments. 

4b Section 
2.2.1 

b. Other data types (toxicity, bioassay, and physical data) are 
listed in the document, but criteria for these data types are not 
identified. 

The CPG will identify more detailed criteria for other types of data in the 
revised Plan.  

5 Section 
2.2.2 
 

DQO No. 1: As stated, sediment samples collected prior to 
dredging or capping no longer reflect current conditions. 
However, data from these areas may still be useful as part of the 
risk assessment process, for example during trend analyses. 

CPG agrees that these data may be useful for RI tasks, such as trend 
analyses. The CPG does not agree that sediments collected prior to 
dredged or capped data are appropriate for use in the risk calculations in 
current or future conditions. 

7 Section 
2.2.4 

DQO No. 1: Historical data may be marked with either a U- or an 
ND-qualifier, and they are generally used interchangeably. For 
these non-detected concentrations, the laboratory may report 
either the method detection limit, the reporting limit, or the 
laboratory quantitation limit, depending on their scope of work. 
These details may be obtainable from the labs, even if they are 
not currently entered in the database. 

In the instances that these data were generated by USEPA and/or their 
Partner Contractors, the USEPA and/or Partner Agency will need to 
provide and/or direct their contractors to provide these laboratory reports 
and data packages.  It is unlikely in most instances that laboratories will 
honor third party requests from the CPG for laboratory data packages. 
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2. Data Usability and Data Evaluation Plan Comment Responses  
USEPA 

Cmt 
No. Section Comment Proposed CPG Response  

8a Section 
2.2.4 

DQO No. 2: a. In some instances individual component results 
may not be available. The totals results may have been reported 
directly from the laboratory and individual components may not 
have been captured in PREmis or reported from the laboratory. 
This should not necessarily preclude the use of these results 
from the risk assessment. 

The CPG disagrees that data based on sums without component results 
may be usable and are appropriate for use in the risk assessments and 
the RI.  CPG believes the component results are necessary for the 
calculation of EPCs because consistent data rules (i.e., summing rules) 
must be applied to the dataset for the calculation of EPCs.  

8b Section 
2.2.4 

DQO No. 2: b. Include a cross reference to Table 3 and Section 
3.1. 

The Data Usability and Data Evaluation Plan will be revised accordingly, 
per comment. 

9a Section 
2.2.4 
 

DQO No. 3: a. Delete the phrase “publicly available” from the 
discussion of SOPs. Data should not necessarily be eliminated 
because a laboratory considers their SOPs to be confidential 
documents. Prior experience shows that business confidential 
SOPs can be obtained for review and approval by both EPA and 
the CPG. 

The CPG agrees that data may be used if the SOPs for these proprietary 
methods can provided to the CPG and USEPA for review; otherwise, the 
CPG maintains that the data should be eliminated from use in the LPRSA 
RI/FS and will modify the plan as such.  
 

9b Section 
2.2.4 
 

DQO No. 3: b. The document states that inclusion of data 
obtained using low-resolution analysis methods will be made on 
a case-by-case basis. The determination process for vetting 
these data should be detailed in this document or elsewhere, for 
discussion and approval by EPA. 

Comment noted.  

10 Section 
2.2.4 
 

DQO No. 5: “Invertebrate community data must be reported to 
the lowest practical taxonomic level.” Lowest practical taxonomic 
level is clearly preferred, but even higher taxonomic levels can 
be useful if qualified appropriately and used carefully. 

The lowest practical taxonomic level represents the entire range of 
taxonomic classifications – it was not meant to refer to species, genus or 
even family level classification. 

11 Section 
2.2.5 
 

The validation criteria are overly strict for data collected by other 
parties and will likely eliminate several historical datasets. For 
example, non-chemical parameters may not typically be 
validated. Historical biological data (e.g., toxicity test and 
community surveys) were likely verified, not validated. These 
historical data should not necessarily be eliminated if they were 
generated in compliance with their planning documents. 

Historical data for non-chemical parameters may be used even if no 
validation was completed on the dataset provided the data can be verified 
to meet USEPA acceptability criteria.  However, in order to be comparable 
to the data collected under the approved LPRSA QAPPs, the validation of 
chemical parameters from other data sources must be conducted as 
provided in the Data Usability and Data Evaluation Plan. 

12 Section 
2.2.5 

DQO No. 3: This statement is generally true; however there may 
be documentation beyond the availability of Form 1s that define 
the quality checks used for a particular data set in PREmis. 
These quality assurance trails also speak to the overall quality of 
a particular dataset. 

The CPG requests that USEPA and the Partner Agencies provide 
examples of these data sets and their documentation for review and 
discussion. 
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2. Data Usability and Data Evaluation Plan Comment Responses  
USEPA 

Cmt 
No. Section Comment Proposed CPG Response  

13 Section 
2.2.6 

As was noted earlier, the final list of DQOs should apply to all 
data, not just that collected by parties other than the CPG. 

The Data Usability and Data Evaluation Plan will be revised accordingly, 
per comment. 

15a Table 3-1 
 

a. The rationale for inclusion of an alkylated PAH (2-
methylnaphthalene) in the PAH totals should be included. 

The revised Data Usability and Data Evaluation Plan will include rationale 
for including 2-methylnapthalene.  

15b Table 3-1 b. More detail should be provided on the handling of DDD, DDE, 
and DDT in the summation since analysis and quantification of 
these compounds are frequently impacted by matrix 
interferences. It is likely that most of the Total DDx 
concentrations will be flagged in the risk assessment database. 

The Data Usability and Data Evaluation Plan will be revised accordingly, 
per comment. The likelihood of matrix interference for Total DDx 
concentrations will be described in revised Table 3-1. 

15c Table 3-1 c. More detail should be provided on the handling of PCB co-
elution. 

The Data Usability and Data Evaluation Plan will be revised accordingly, 
per comment; more detail on the reporting of PCB co-elutions results will 
provided in revised Table 3-1. 

16a Section 3.2 
 

a. The handling of field duplicates is unclear. The introductory 
paragraph for the section states that one value will be used from 
the sample and duplicate pair. However, Section 3.2.2 states 
that both results will be used or averaged. These paragraphs 
should be consistent. 

The discussion on field duplicates in Section 3.2 of the Data Usability and 
Data Evaluation Plan will be clarified to say that a single result will be 
reported.  If both values from the duplicate pair are valid, the reported 
value will be an average of the two.  

16b Section 3.2 
 

b. For the first bullet on Page 13, see Comment 10b. In addition, 
EPA PAH data generated by HRCG/LRMS are also valid and 
should take precedent over SVOC data.  

Comment noted.   
 

16c Section 3.2 
 

c. If there are instances where samples were collected at the 
same location at different times, a third case should be included 
explaining how temporally variant samples would be used 

CPG contends that data collected at different times should be treated as 
separate samples in the risk assessment database.  Temporally collected 
samples may be combined in the development of EPCs, but will be stored 
as discrete samples in the risk assessment dataset.   

19 Section 4.2 For Equations 4-3 and 4-4, a QC step should also be performed 
to check that the sum of fractions is 1. In addition, there may be 
specific ecological exposures where these reconstituted whole-
body tissue estimates may provide inaccurate exposure 
estimates (e.g., fish bones and crab shell parts are typically not 
ingested by scavengers). This type of information should also be 
included in the uncertainty analysis. 

The Data Usability and Data Evaluation Plan will be revised to state that 
any specific issues associated with the use of reconstituted whole body 
concentrations will be included in the uncertainty analysis.  This 
discussion will include any issues associated with any alternative analysis 
technique.   

20 Section 4.4 RAGS, Part A, Pages 8-7 and 8-8, discusses the use of 
significant figures. Consistent with the guidance, the final 
presentation of calculated risks should be provided with one 
significant figure. 

Significant figures for calculated human health risk will be reported 
consistent with RAGS guidance.  
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ANNOTATED COMMENTS 
Risk Analysis and Risk Characterization Report 

 

No. General Comments and Directives Key 

1 

Attached are RAGS Part D tables which have been filled in, to the extent possible at this point in the process, with the 
exposure parameters that should be used in the HHRA.  The exposure scenarios and values outlined in these tables must be 
used to conduct the human health risk assessment for the site.  Also attached is a technical memorandum which outlines the 
basis for the parameters provided in the tables. 
 

D 

2 

EPA disagrees with the notion that actual current and future exposures are the same.  As is noted on Page 97 of the RARC 
report, existing plans call for expansion and improvements to parks and open space along the river that will lead to higher 
exposure in the future.  While the general usage types of the river may remain the same in the future, the usage frequency 
and number of access locations should certainly increase over time based on these plans, or others that are developed.  This 
increased usage must be taken into account in the risk assessment calculations.  The exposure parameters that should be 
used for current/future exposures for each type of receptor are shown in the tables referenced in Comment 1, above, and do 
take into account the anticipated increased usage.  
 

D 

3 

As discussed in the Problem Formulation document, the selection of areas to be used in the development of Exposure Point 
Concentrations will be addressed following a review of the contaminant concentrations.  Please remove all references 
throughout the document to specific areas over which EPCs will be calculated (i.e., see Page 31, Surface Water Exposure).  
The attached tables and technical memorandum do not address segmentation of the river for the risk assessment.   
 

D/C 

4 

Distributions of TEQs should not be used in the risk assessment for human health.  This comment is based on information 
provided in the paper by van den Berg et al. 2006.  EPA will also provide specific direction on which toxicity values to use 
as the project moves forward.  
       

D 

5 

The RME individual represents the 90% or higher end of exposure consistent with the 1992 Exposure Assessment 
Guidelines.  The 90th percentile or above will be used to identify the fish/crab consumer.   
 
Consistent with Risk Assessment Guidance for Superfund Part A, the evaluation of risks/hazards is based on an exposed 
individual.  As stated in the Guidelines, the RME individual is defined as follows:  “Actions at Superfund sites should be 
based on an estimate of the reasonable maximum exposure (RME) expected to occur under both current and future land-use 
conditions. The reasonable maximum exposure is defined here as the highest exposure that is reasonably expected to occur 
at a site. RMEs are estimated for individual pathways.” 
 

D 

6 

Non-detects should be handled statistically rather than by using a simple substitution method, whether it be using zero, half 
the detection limit, or the full detection limit.  The current version of ProUCL includes procedures to do this (see USEPA, 
2010, ProUCL Version 4.00.05 User Guide, or the most recent version of ProUCL and other appropriate guidance from 
EPA at the time the analysis is conducted). 
 

D 

7 

A fish ingestion rate of 26 grams/day and a crab ingestion rate of 24 g/day should be used for now.  These values are based 
on the 1997 Exposure Factors Handbook and the paper by Burger et al. 2002.(Burger, J. 2002. Consumption Patterns and 
Why People Fish. Environmental Research Section A 90, 125-135).  EPA will work on developing alternate numbers based 
on other existing surveys as multiple lines of evidence. 
 

D 

8 

For future risk scenarios, the description of RM 0-6 in the Problem Formulation Document will be more applicable to RMs 
0 to approximately 2.  The shift in use of the waterfront with increased public access and recreational use will be upstream 
of Sherwin Williams (approximately at RM 3.6).  RMs 0 to 2 will remain active for commercial use into the future, and the 
stretch from RM 2 to 3.6 will likely be developed into Portfields/Brownfields. 
   

D/C 

9 

While the CPG has not decided yet whether they intend to conduct a probabilistic risk assessment (PRA), EPA does not 
recommend conducting one for the following reasons:   
 

a. It may not be useful since the current risks calculated in the FFS are already above the criteria identified in Section 
2.3.2 of the RAGS Part III (see page 2-11 and 2-12 
http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt_complete.pdf).   

 
b. The development of a PRA will take significant time (on the order of a year or two) for review of work plans, 

development of distributions, and review of computer codes/documents, which is also resource intensive. 
 

D 



 

2 
 
 

No. General Comments and Directives Key 

10 

The Passaic River above Dundee Dam, beyond the heavily industrial area, should be used as background for both the 
freshwater and estuarine sections of the river.  The selection of a reference location within the greater Newark Bay complex 
is inappropriate, because the definition of “background” in EPA guidance (OSWER 9285.6-07P) refers to locations that are 
not influenced by the releases from a site. 
 

D/C 

11 

The document highlights the 2009 Exposure Factors Handbook and its recommendations.  This document recently 
completed its external peer-review and EPA is currently addressing comments.  At this point in time, the document is “do 
not cite or quote” and it should only be incorporated when the review and response to comments are addressed and the final 
version is posted on EPA’s homepage. 
 

A 

12 

The Superfund risk assessment process addresses both chemical and radiological risks, but not microbial risks.  Discussion 
of microbial risks should not be included in the risk assessments for this project.    
 
Also note that the 2009 Protocol for Microbial Risk Assessment referred to in the document is still out for public review 
and the comments are being addressed.  It is premature to use a document that has not been finalized by the Agency. 
 

D 

13 

Throughout the document, reconnaissance surveys are mentioned.  However, the document does not identify the types of 
information that will be collected to support the risk assessments and how this information will be used.  If, after reviewing 
the recommendations and directives enclosed herein, the CPG still feels that certain surveys are necessary, then they must 
be described, in detail, in writing, within 60 days of receipt of these comments.  EPA approval must be obtained prior to 
moving forward with any additional surveys. 
 

D 

14 
Throughout the document, references to what data will be used and how it will be evaluated will need to be revised to be 
consistent with the to-be-revised Data Usability and Data Evaluation Plan. 
 

A 

 
 
 

No. Section/Title Specific Comments Key 

15 Section 1 
Page  

Change the end of the first sentence of the second paragraph on the page to “…and as site-specific as 
possible given the available data.” 
 

A 

16 Section 1.1 
Page 1 

a. A simple definition of the study area should be provided in the introduction to this document.  Please 
add the following information to this section: “The LPRSA encompasses the lower 17.4 miles of the 
Passaic River, from Newark Bay to Dundee Dam.” 

 
b. The discussion should also mention that there are efforts underway to restore the river as a viable 

natural resource, both within the 17.4-mile stretch and above Dundee Damn. 
 

a. A 
b. A 



 

3 
 
 

No. Section/Title Specific Comments Key 

17 Section 1.2 
Pages 1 to 2 

a. As noted in previous comments regarding the draft Data Usability and Data Evaluation Plan, all data 
must be vetted against the data quality objectives (DQOs) prior to use.  Please adjust the language in 
this section to indicate that all data, and not just data collected by third parties, will be evaluated 
against DQOs prior to use in the risk assessments.  Ultimately, this section needs to be consistent with 
the final Data Usability and Data Evaluation Plan. 

 
b. The list of QAPPs on Page 2 needs to be updated. 
 
c. Data from the 2001 creel angler survey conducted by Tierra Solutions, Inc. should not be used in the 

risk assessments.  As has been noted previously, the survey was referenced in the Problem 
Formulation Document as part of a summary of all studies completed on the river.  The PFD clearly 
states that the survey was conducted without EPA approval.  EPA disagrees both with how the survey 
was conducted and with the conclusions drawn from it.  For example, ingestion rates were not 
calculated correctly in the survey report.  The survey identified 7 individuals who reported consuming 
fish (see Ray et al, Table 1).  Consistent with the definition for a Reasonably Maximally Exposed 
Individual, this N = 7 will represent the RME group.  When calculated this way, the data indicate that 
the maximum consumption rate was 28 grams/day (see Ray et al. page 525) and the estimated 
maximum annual consumption was 23.95 grams/day (see Table 3).  These values are close to the 
default ingestion rate of 26 grams/day which is the current value from the 1997 Exposure Factors 
Handbook.  

 

a. A 
b. A 
c. D 

18 Section 2 
(throughout) 

Non-chemical stressors should not be included as part of the risk characterization for the BERA, and 
should not be quantified.  They may be discussed, qualitatively, in the habitat or environmental 
characterization section of the BERA. 
 

D 

19 Section 2 
Page 5 

a. The list of data collection efforts to date on this page needs to be updated. 
 
b. Change the last sentence of the 4th paragraph on the page to state that understanding the impacts of 

habitat constraints in the LRRSA is part of assessing current ecological risks and planning restoration. 
 

a. A 
b. A 

 

20 Section 2.1.1 
Page 8 

a. Tissue concentrations for avian egg tissue will also be estimated and there should be an explanation of 
how the chemical parameters to be modeled will be determined. 

 
b. The report states that the dietary chemicals that will be evaluated for wildlife include only those that 

are bioaccumulative, plus phthalates.  Chemicals can have deleterious effects without being 
bioaccumulative, so a full screening process should be conducted. 

 

a. A 
b. D 

21 Section 2.1.2 
Pages 9-10 

It is unclear how populations (vs. individuals) will be evaluated in some cases. It is recognized that 
assessing population level impacts is appropriate for non-special status species, but it appears that impacts 
to individuals (based on ecotoxicity data) will form the basis of these assessments. For example, 
assessments of amphibian populations are extremely difficult to perform, yet impacts on tadpoles based on 
aquatic toxicity data can be used to infer population level impacts depending on assumptions. It may be 
more clear to state that population level impacts will be inferred from data based on impacts to individuals 
(presumably using survival, growth, and reproduction endpoints). 
 

A 

22 

Section 2,1.3 
Table 2-1 

Pages 11 to 
17 

a. Surface water contaminant levels used in the evaluation of benthic organisms should be obtained 
immediately above the sediment, from 0 to 6 inches. 

 
b. Footnote a will need to be revised to be consistent with the approved wording in the to-be-revised 

Data Usability Report. 
 

a. C  
b. A 
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23 Section 2.1.4 
Page 18 

a. In the second paragraph, first sentence, suggest replacing “…ecological species…” with “…types of 
potential ecological receptors…” or something similar; the groups noted are not species. 

 
b. In the fourth paragraph, first sentence, suggest replacing “…dominant bird species…” with “…types 

of birds…” or “…avian receptors….” The groups noted are not species. Also, throughout the 
document references to “species” should be checked to verify that organisms noted are species rather 
than types or groups. 

 

a. A 
b. A 

24 Section 2.1.4 
Page 20 

The first sentence states “…a number of the estuarine ROCs (i.e., blue crab, white perch, and American 
eel) were found in all reaches of the freshwater portion (river mile [RM] 10 to RM 17.4), demonstrating 
that these fish may have some tolerance for fresh water.” The way this sentence is structured does not 
recognize that American eel are catadromous fish that spawn in the sea but spend most of their lives in 
freshwater. 
 

A 

25 Section 2.1.4 
Page 23 

The document should not make reference to conclusions drawn in the draft LRC report, particularly since 
some of these conclusions are being challenged.  Please remove this language. 
   

A 

26 Section 2.3 
Page 24 

The first paragraph states that exposure estimates for the baseline ecological risk assessment (BERA) will 
include both the mean and upper confidence limit of the mean (UCL).  It is assumed that the statistic for 
the UCL will be the 95 percent UCL, but this is not stated as such. Please provide the statistic that will be 
calculated and used in the BERA to reflect the UCL on the arithmetic mean. This issue is discussed in 
more detail in subsequent paragraphs, with specific reference to use of Pro-UCL. 
 

A 

27 
Section 
2.3.1.3 
Page 26 

Do the listed “n” values represent the total number of samples, the samples per site, or the number of 
organisms per test?  Please clarify. A 

28 
Section 
2.3.1.4 
Page 28 

White Sucker and carp will also be analyzed for chemical residues and should be included in the bullets in 
this section. A 

29 

Section 
2.3.1.4 

Equation 2-2 
Page 30 

The selection of the site use factor will have a direct and linear impact on the dose calculations (i.e., dose 
at site use factor (SUF) = 1 is double what dose would be at SUF = 0.5). Data on SUF values for fish are 
limited, and it may be appropriate to set the SUF to 1.0 where a site specific SUF is unknown. Some 
discussion on how the SUF will be determined would be appropriate here, given the potential impact and 
high degree of uncertainty.   
 
In addition, see comments on Appendix C for some specific recommendations on what SUF to use.   
 

D 

30 
Section 
2.3.1.4 
Page 30 

Because we are not looking at water ingestion and potential uptake across the gill, it would be good to 
compare modeled fish tissue concentrations to measured fish tissue concentrations, to ensure that the 
model is predicting the appropriate concentrations for the future assessments. 
 

A 

31 
Section 
2.3.1.4 
Page 31 

Please clarify what sediment depth will be used to calculate the BSAF for mummichog and darter/killifish.  
The depth used should correlate with the small forage fish burrowing depth when they overwinter in the 
sediments. 
 

A 

32 
Section 
2.3.2.1 
Page 36 

The report states that average fish body weights will be based on the fish that are actually analyzed.  This 
will likely skew the results towards heavier weights since, in general, larger individuals were chosen for 
analysis.  Instead, a range of fish should be utilized to calculate the weights, based on (a) the fish that were 
analyzed, (b) the fish that were not analyzed, and (c) the complete data set for each species.  A discussion 
should be included on how the use of each of these data sets affects the outcome. 
 

A 

33 
Section 
2.3.2.1 
Page 37 

Again, the exposure area needs to be decided, with EPA approval, after the data have been evaluated.  See 
also General Comment 3. D/C 

34 

Tables 2-2 
and 2-3 

Pages 38 to 
40 

Please see specific comments on Appendix C regarding site use factors and diet percentages.  All of the 
factors and percentages proposed should be re-evaluated and re-submitted for review and approval. D 
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35 Section 2.4 
Page 54 

It would be beneficial to use both NOAEL and LOAEL values in the BERA, when needed, so that 
additional information regarding the potential for effects can be evaluated.  EPA Region 2 uses the 
NOAEL and LOAEL in conjunction with the "Rule of Five" to evaluate potential remediation goals.  
Information on the rule of five can be provided if needed. 
 

D 

36 Table 2-6 
Page 58 

The Amphibian/Reptile Populations section has a footnote “d” indicator, but no footnote d is provided.  
Please clarify. 
 

A 

37 
Section 
2.5.1.2 
Page 64 

The report cites the NJDEP SQGs dated 1998.  EPA will be providing tables with updated ecological 
screening criteria.  See also Comment 62. 
 

A 

38 Section 2.6 
Page 67 

a. Will a ‘weight-of-evidence’ approach be used in risk characterization or instead, will risk 
characterization include ‘multiple lines of evidence’? This comment is specifically asking if a 
weighting strategy will be employed in the evaluation of the various lines of evidence.  If a weighting 
system is contemplated, then the proposed system should be submitted to EPA for approval prior to 
application in the risk assessment. 
 

b. The report states that “COCs will not be identified based on the SQT approach.  Instead, areas of 
potential risk to the benthic invertebrate community will be identified spatially using the results of the 
SQT analysis.”  Please clarify this statement. 

 

a. C 
b. D 

39 Section 3.3 
Page 71 

The use of default or surrogate assumptions is consistent with USEPA guidance. In fact, depending on the 
parameter, such assumptions are valuable and recommended for use in the risk assessment process as 
noted in many of the USEPA documents cited in the draft RARC. Based on this information, the last 
sentence in the second paragraph should be revised to read “While use of some default or surrogate 
assumptions is necessary in the remedial decision-making process, USEPA guidance documents stress the 
importance of using data that represent the characteristics of the local population(s) and site where possible 
and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a).” 
 

D 

40 

Sections 3.3.1 
to 3.3.4 

Pages 89 to 
106 

These sections need to be fully revised to be consistent with the attached RAGS Part D Tables and 
exposure recommendations provided. D 

41 Section 3.3.2 
Page 90 

It is not clear how the inhalation of COPCs that may volatilize will be evaluated in the risk assessment.  
Further details regarding the proposed screening assessment of this exposure pathway are needed for full 
evaluation of this pathway. 
 

C 

42 Section 3.3.2 
Page 92 

The reasons for EPA’s concern with evaluating risks and hazards to a transient population quantitatively 
should be discussed in the text, including a discussion of the high uncertainty associated with these 
exposures.  EPA’s concerns stem from the lack of specific information on the exposure patterns for this 
population, and the extreme difficulty for the CPG or others to collect exposure information on this 
population.  The qualitative evaluation will help inform the full evaluation of the exposed groups without 
collecting information that may be unnecessarily invasive of individual privacy.   
 

A 

43 
Section 3.3.2 
Pages 94 to 

96 

The equations listed on these pages can instead be presented in the RAGS Part D Tables, Table 4, for 
exposure assumptions.  It would be easier to use the standardized format rather than re-creating these 
values in the text with multiple versions in the text and the table. 
 

D 
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44 Section 3.3.4 
Page 97 

The draft RARC document states: “Future land and water uses within the LPRSA are not expected to 
differ greatly from current uses. Existing plans for redevelopment and restoration generally call for 
improvement and/or expansion of existing parks and open space along the river. Therefore, it is 
anticipated that separate evaluations for current and future exposure will not be necessary.”  
 
Future exposures at parks and open space that have been ‘improved and expanded’ are likely to be greater 
than current exposures. Such improvements make it more likely that people will visit more often and spend 
more time at such places along the river. Even if receptor groups and exposure pathways are expected to 
remain the same, evaluations for future exposures should account for the increased exposure under 
improved conditions.     
 
EPA has developed the attached Tables incorporating information on each media, exposure pathway, and 
receptor.  The exposure assumptions presented capture information on exposures under the future scenario 
and were developed so as to not underestimate risks/hazards under current conditions.   
Attached are Tables which account for exposures under current/future conditions.   
 

D 

45 
Section 
3.3.4.6 

Page 101 

The first paragraph of this section needs to be revised.  Existing EPA guidance does not preclude the use of 
default values, as is implied.  See also Comment 39.   D 

46 
Section 
3.3.4.12 
Page 104 

Consistent with the RME evaluation, the fraction from source should be considered to be 100% and should 
not be apportioned.   
 

D 

47 

Section 
3.3.4.13 

Pages 104 to 
105 

a. The dermal absorption fraction should use values in RAGS Part E, with appropriate future updates.  
The EPA Region 4 document referenced in the RARC document was prepared before RAGS Part E 
was finalized.  The EPA Region 4 document should not be included in the assessment since RAGS 
Part E, page 3-18, recommended the use of a fraction for semivolatile organic compounds (SVOCs) 

of 10% as a screening method for the majority of SVOCs without dermal absorption fractions.  

The document further indicates that for inorganics, the speciation of the compound is critical to 

the dermal absorption and there are too little data to extrapolate a reasonable default value. 
 
b. The oral absorption adjustment factors will need to be submitted to EPA before being applied in the 

assessment.  General guidance on this evaluation is presented in RAGS Part E on page 4-2. 
 
c. EPA agrees that the permeability coefficients should be derived from RAGS Part E.  RAGS Part E 

specifically recommends permeability coefficients.  Any deviation from the use of existing values will 
need to be evaluated by EPA before incorporation into the risk assessment. 

 

a. D 
b. A 
c. A 
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48 

Section 
3.3.4.13 

Pages 105 to 
106 

The HHRA should use a cooking loss of zero for the RME individual and 20% for the loss of PCBs 
(midpoint of 0 to 40%) for the CTE individual.  Values that should be used for other chemicals are listed 
below: 
 
Table 5-6. Range of Cooking Losses from Fish COPC Exposure Scenario   
(from the Focused Feasibility Study Risk Assessment).   
 

RME (%)      CTE (%) 
DDD                  0   30 
DDE    0   35 
DDT    0   30  
Chlordane   0   33  
Dieldrin                 0  30 
Dioxins                 0   49 
PCBs    0   20 
Mercury   0   0 
 
RME – reasonable maximum exposure 
CTE – central tendency estimate 
 
1 Additional note:  While the RME values specified are directive, EPA is willing to discuss the CTE 
values. 
 

D1 

49 Section 3.3.5 
Page 106 

The document lacks discussion of UCL guidance and how this guidance will be addressed in the 
assessment.  Greater details regarding the proposed approach for evaluating data to determine if it is 
appropriate to separate the river into individual sections will need to be submitted to EPA for review and 
approval.  In addition, it is important to consider whether the analysis will be based on fish tissue 
concentrations or modeled concentrations.  See also Comment 51.  
 

A 

50 

Section 
3.3.5.1 

Pages 106 to 
107 

It is too soon to state definitively what exposure areas will be used for the HHRA, or the BERA, for any 
exposure pathway.  This will need to be determined once data from the sampling efforts has been 
evaluated.  A proposed process for evaluating data and decision criteria for segmenting the data should be 
provided to EPA for review upon receipt of the data. 
 

D/C 

51 

Section 
3.3.5.2 

Pages 108 to 
110 

a. The exposure point concentration (EPC) should be defined as the 95 percent UCL, or the 
recommended value from ProUCL, for both the Reasonable Maximum Exposure (RME) and Central 
Tendency Exposure (CTE) scenarios and not only for the RME individual as indicated in the Text.  
This value represents the arithmetic average of the concentration that is contacted over the exposure 
period, accounting for uncertainty in the dataset.  

 
b. The document will need to provide greater information regarding the planned application of the 

market basket approach in the risk assessment i.e., source of data for determining fish consumption 
patterns and proposed apportionment.. 

 
c. The document will need to identify the proposed models that will be used in evaluating ambient air 

EPCs.  This proposal will need to be reviewed by the air modelers in EPA Region 2’s Air Programs. 
 
d. EPA is discussing the use of modeled data to develop EPCs internally and will provide our 

recommendation in the future. 
 
See also Comment 49. 
 

a. D 
b. D 
c. A 
d. A 
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52 
Section 3.4 

Pages 110 to 
111 

a. Consistent with the Cancer Guidelines, the application of Age Dependent Adjustment Factors 
(ADAFs)  for chemicals with a mutagenic mode of action is appropriate in the calculation of risk for 
specific chemicals, such as PAHs.  Consistent with the Cancer Guidelines and Supplemental Guidance 
for Assessing Susceptibility for Early-Life Exposure to Carcinogens, the ADAFs should be applied in 
the calculation of the risks and also discussed in the uncertainty section of the report.  The document 
should clarify that the risks will be calculated for PAHs and associated chemicals with mutagenic 
modes of action, and that the results of this analysis will be discussed in the Risk 
Characterization/Uncertainty section of the report.   

 
b. As a point of clarification, consistent with the SAB recommendation in the Soil Screening Level 

Guidance, a child 1 to 6 years will be considered to have a chronic exposure.  
 
c. All Tier 3 toxicity values will need to be evaluated by EPA before their use in the assessment.  

Statements regarding use of provisional values that have not yet been peer-reviewed require further 
clarification regarding how these values will be obtained before they are peer-reviewed.  Until the 
values have completed peer-review and the peer-review comments are addressed, these values should 
not be used in the assessment.  Any use of Tier 3, surrogate values, etc. will need to be evaluated and 
approved by EPA before use in the assessment.   

 

a. A 
b. A 
c. A 

53 Section 3.5.1 
Page 112 

The discussion of cancer should indicate that cancer is a disease process.  The term contract cancer should 
be replaced by the term develop cancer. 
 

A 

54 
Section 3.5.1 
Pages 112 -

114 

a. EPA disagrees with the proposal to sum cancer risks based on carcinogenic endpoint/target organ.  
Cancer risks represent increased probabilities of developing the disease and concordance between 
cancer organ in animals and tumor sites in humans is not always established.  The cancer risks should 
be combined based on the calculated cancer risks of individual chemicals and not based on individual 
endpoints as suggested in the text on page 113.  The text should indicate that the risks from exposure 
to carcinogenic chemicals will be summed. 

 
b. The cumulative cancer risk estimated in the risk assessment is only one of several factors that risk 

managers consider in determining whether further evaluation or action is warranted on a Superfund 
site. Please remove the statement “If the cumulative carcinogenic risk for a receptor is less than 10-4, 
then no further evaluation or action is warranted based on potential carcinogenic risks.”  The 
discussion of the cancer risks does not acknowledge the need to consider non-cancer health effects in 
addition to cancer.  For many of the chemicals of concern, cancer risks of 10-5 are associated with a 
non-cancer HI = 1 or more.  Therefore, the consideration of the cancer risks must also consider the 
non-cancer health hazards.  The NCP (40 CFR 300.430(e)(2) indicates that “For systemic toxicants, 
acceptable exposure levels shall represent concentration levels to which the human population, 
including sensitive subgroups, may be exposed without adverse effect during a lifetime or part of a 
lifetime, incorporating an adequate margin of safety …”.   In addition, the 1991 document, Role of the 
Baseline Risk Assessment states:  “Where the cumulative carcinogenic site risk to an individual based 
on reasonable maximum exposure for both current and future land use is less than 10-4 and the non-
carcinogenic hazard quotient is less than 1, action generally is not warranted unless there are adverse 
environmental impacts….” 

 
a. The risk assessment should also include an analysis of cancer risks across multiple chemicals and 

pathways.  This should be specifically stated in the document. 
 

a. A 
b. A 
c. A 

55 Section 3.5.2 
Page 114 

Potential exposures should be addressed across pathways, not just within a single pathway. A 

56 
Section 3.6 

Pages 115 to 
118 

The document highlights that all of the assumptions made are conservative and potentially overestimate 
risks.  This statement is not correct.  Many chemicals lack toxicity information, which may result in an 
underestimate of risks.  Also, there are a number of pathways which are not quantified, such as ingestion of 
human breast milk, which may result in an underestimate of risk. 
 

D 
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57 Section 3.6 
Page 115 

As was stated in the general comments, EPA does not recommend conducting a probabilistic risk 
assessment.  The current risks calculated in the FFS are already above the criteria identified in Section 
2.3.2 of RAGS Part III (see Pages 2-11 and 2-12, 
http://www.epa.gov/oswer/riskassessment/rags3adt/pdf/rags3adt complete.pdf)  
 

D 

58 Section 3.6.4 
Page 117 

The discussion of pathogens from CSOs and SWOs should note that this analysis is outside of the 
Superfund program and that these risks are addressed by separate legislative mandates, such as the Clean 
Water Act.   
 

D 

59 
Appendix A: 

General 
Comments 

a. In several places this document refers to risks to ‘wildlife’, and the assumption is that in this context 
wildlife refers to upper trophic level birds and mammals. It might be best to use the latter term to 
prevent any misunderstanding regarding receptors for which food web modeling will be performed. 

 
b. It is recommended that risks and other issues related to amphibians and reptiles be separated for these 

two vertebrate classes. Although they are commonly grouped together as ‘herps’, reptiles are in fact 
more closely related to birds than to amphibians. More importantly, it is expected that larval 
amphibians will form the basis of amphibian toxicity evaluations, and based on other information in 
associated documents, that reptiles will be represented primarily by turtles. There is no reason to 
suspect that turtle toxicity data will be related in any way to data based on tadpole or larval salamander 
data. 

 

a. A 
b. A 

60 
Appendix A 

Section 1 
Page 2 

The document states that a comparison of COPC and COPEC concentrations to regional urban background 
concentrations may be performed during the risk assessments to identify COPCs and COPECs influenced 
by LPRSA background sources.  As is stated in Section 8.6 of RAGS Part A, all background information 
should be confined to the Risk Characterization section of a risk assessment.  Comparison to background 
concentrations elsewhere in the assessments (i.e., selection of COPCs, etc.) is inconsistent with Agency 
guidance and is unacceptable.   
 

D 

61 
Appendix A 

Section 2 
Page 3 

a. The first step in the screening process should be determining whether the compound is 
bioaccumulative.  All bioaccumulative compounds should be retained.  Then the 5% rule can be 
applied.  Note, however, that any statistical outliers should be evaluated as potential COPECs or hot 
spots.  

 
b. Please provide more detail on your rationale for evaluating COIs that have more than 10% of their 

RLs greater than screening levels in the uncertainty section. 
 

a. D 
b. D 

62 
Appendix A 

Section 2 
Pages 3 to 4 

The TRV discussion should be revised to indicate that the screening values and TRVs listed in the PAR 
and FFS and/or in tables we plan to provide shortly will be used as the initial values in the BERA.  
Regarding the TRV document, it should start by using the values mentioned above, and then should 
identify those values that CPG feels are unacceptable.  Values that are identified as unacceptable should 
then have additional information provided with a recommended value for EPA to examine.  EPA has 
already agreed internally that the PAR and FFS values are acceptable, so this approach would, presumably, 
leave us with a short list of chemicals with their supporting evaluation to review. 
 

D 

63 
Appendix A 
Section 2.3 

Page 7 

a. In contrast to what is stated here, not all invertebrates can metabolize PAHs.  PAHs must be evaluated 
in invertebrates. 

 
b. It is not clear why a sediment detection values is included in the flowchart on Page 7.  It is possible for 

contaminants to bioaccumulate through the food chain and be observed in tissue but not in sediment.  
The sediment parameter should be removed from this box and the subsequent text. 

 

a. A 
b. D 

64 
Appendix A 

Section 3 
Page 9 

Consistent with RAGs Part A, known human carcinogens should be included as chemicals of concern 
regardless of the detected concentration. 
 

A 
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65 
Appendix A 
Figure 3-1 
Page 10 

a. The potential use of surrogate data in the assessment of chemical toxicity information will need to be 
reviewed by EPA before it is used in the assessment.  As has been noted previously, this review could 
be a very lengthy process. 

 
b. Footnote a should state that all known carcinogens will be retained as COPCs. 
 
c. Footnote b suggests consideration of species’ home ranges when evaluating detection frequency in 

sediment.  Typically, the maximum concentration is used in the evaluation of Chemicals of Potential 
Concern.  It is unclear why this evaluation is being further reduced for the analysis.  This comment 
also applies to Figure 2-2.    

   

a. D 
b. A 
c. C 

66 
Appendix A 
Section 3.2 

Page 11 

Footnote #2 requires further clarification regarding why there are going to be multiple selection processes 
for chemicals of concern. 
 

C 

67 

Appendix A 
Section 3.2 

and  
Figure 3-1 

 

Even if a chemical is elevated only locally in sediment, it may still contribute to accumulation in fish or 
crab tissue. Therefore, if a chemical is detected in greater than 5 percent of tissue samples it should be 
retained as a chemical of potential concern (COPC) in both tissue and sediment, even if it was detected in 
less than 5 percent of sediment samples. If an argument can be made that the presence of that COPC in 
tissue is due in part to exposures outside the study area, the argument should be made in the uncertainty 
section of the risk assessment. Please revise the text and figure accordingly.   
 

D 

68 

Appendix A 
Section 3.3.1 
Pages 12 to 

13 

EPA regional screening levels (RSLs) for residential soil should be used to screen surface sediment 
without modification to adjust for recreational exposures under a recreational scenario.  Some residential 
properties directly abut the river, so residential soil RSLs are not overly conservative for identifying 
sediment COPCs. Please revise the text accordingly.  As discussed in the document, for the evaluation of 
Chemicals of Concern, the residential soil levels for cancer risk are set a a risk level of 10-6 or an HI = 0.1.   
The selection of COPCs is based on risk based values and not SQLs or background concentrations. 
 
As is stated in Comment 51, a proposed process for evaluating data and decision criteria for segmenting 
the data should be provided to EPA for review upon receipt of the data. 
 

D/C 

69 

Appendix A 
Section 3.3.1 
Pages 13 to 

14 

EPA agrees with using the tap water residential screening levels with appropriate modifications as 
indicated in the document.  Comparison to values such as MCLs, National Recommended Water Quality 
Criteria and Surface Water Quality Standards may be included in the Remedial Investigation Report and 
not in the comparisons.   
 

A 

70 Appendix B 
General 

In the next draft, this appendix should focus on determining what data is available above Dundee Dam that 
is not influenced by industrial sources and how potential background areas will be identified.   The plan for 
sampling these areas and reviewing the data to identify background locations should also be described.   
 

D/C 

71 
Appendix B 

Section 4 and 
Table 4-1 

Is fish community structure a component of the background evaluation? That parameter is not listed here, 
and if it is not a component of the background evaluation, please discuss the rationale. 
 

A 

72 
Appendix B 

Section 5 
Page 8 

Microbial exposures present a very different type of risk to human health from toxic chemical exposures, 
and are beyond the authority of the CERCLA program.  As such, an evaluation of risk from exposure to 
pathogens is not part of the CERCLA risk management decision process and should not be included in the 
risk assessments for this project. 
 

D 
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73 
Appendix C 
Table 1-2 

Page 3 

a. Some of the diets shown on this table appear unreasonable. For example, the diet for largemouth bass 
is shown to include 50 percent blue crab. Largemouth bass are primarily piscivores, and although blue 
crab might be considered representative of other benthic invertebrates (e.g., aquatic insects) that may 
be consumed by immature bass, a diet of half crab is unreasonable for largemouth bass. Even if crabs 
are representative of crayfish, as stated later in this document, the consumption of substantial amounts 
of crayfish is likely seasonal and fish are expected to comprise most of the annual diet. Also, darter 
and killifish are unlikely to comprise much of the bass diet (based primarily on preferred habitats of 
each), and reducing this fraction from the current 10 percent may be appropriate. 

 
b. Table 1-2 lists the primary food (96 percent) for the great blue heron is small fish. Blue crab accounts 

for the other 4 percent. This does not accurately represent the diet of a great blue heron. There also 
should be a percentage of the diet designated as other aquatic invertebrates, aquatic insects, and to a 
lesser extent amphibians, reptiles, and small birds. 

 
d. Table 1-2 lists the spotted sandpiper diet as limited to two worms depending whether it is in 

freshwater or estuarine habitat. The diet should be expanded to include aquatic insects and small 
crustaceans. 

 

a. C 
b. D 
c. D 

74 
Appendix C 

Section 3 
Page 6 

This section will need to be updated to match the species caught during the summer 2010 sampling event. A 

75 
Appendix C 

Section 4 
Page 9 

The white perch diet percentages do not seem to match the diet percentages listed in Table 1-2.  For 
example, the text on page 9 indicates mummichogs make up 17% of the white perch diet (with 15% being 
identified as the value that will be used).  However, Table 1-2 has 7.5% listed as the diet percentage.  
Table 1-2 should be updated to match the information provided in the text. 
 

A 

76 
Appendix C 

Section 5 
Page 10 

Throughout the appendix it is mentioned that body weights will only be based upon those fish that undergo 
chemical analysis.  Please provide a rationale for this, as it seems that a better approach would be to use all 
of the fish data that was collected during the fish community surveys.  Table 5-1 also uses this approach. 
 

A 

77 
Appendix C 
Section 6.2 

Page 13 

Given that eels dwell within the sediment and feed upon benthic organisms for a large portion of their diet, 
an incidental sediment ingestion rate of greater than 5% is recommended.  Please provide adequate 
references for the incidental sediment ingestion rates. 
 

A 

78 
Appendix C 
Section 6.4 

Page 15 

The site-use factor for American eel is listed as 0.75 instead of 1.  While it is true that they do not spend 
their entire life in the Passaic River, a factor of 0.75 may be an underestimate.  For example, if they live 
for 20 years and one year is spent in the ocean traveling to their coastal river, then the site-use factor would 
be 0.95.  To be conservative, a site-use factor of 1 should be used. 
 

D 

79 
Appendix C 
Section 7.3 

Page 16 

The diet proposed for largemouth bass may need to be revised to reduce the blue crab portion of the diet 
(currently shown as 0.50). A higher allocation of fish in the diet may be more appropriate since largemouth 
bass are primarily piscivores.   
 

C 

80 
Appendix C 
Section 8.5 

Page 19 

It is mentioned in the last sentence of this section that “A sensitivity analysis will be conducted to evaluate 
varying portions of these two surrogate prey items in the sandpiper diet.” More explanation is needed with 
regard to what the results of the sensitivity analysis will do to improve the ecological risk assessment. 
What would be useful would be to evaluate what other food sources of the sandpiper diet are available 
besides the worms. Assuming the sandpiper diet is composed 100% of worms may lead to inaccurate 
conclusions in the ecological risk assessment. The surrogate diets should accurately represent what 
sandpipers in the study will be ingesting. 
 

D 

81 
Appendix C 
Section 8.6 

Page 19 

A site use factor of 0.75 is assigned to the spotted sandpiper in this section due to the seasonal use of the 
study area. It should be explained that the spotted sandpiper’s breeding range is in the study area but it 
spends the winter in Central and South America. 
 

D 
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No. Section/Title Specific Comments Key 

82 
Appendix C 
Section 9  
Page 20 

This section is titled Heron/Egret, which is inconsistent with other similar titles in this appendix. Others 
are listed as species-specific receptors, and these are assumed to be representative of other species within 
the same feeding guild. For this section, it would be more consistent for the title to be Great Blue Heron, 
and the subsequent discussion can confirm that this species is representative of herons and egrets. Or, all 
other sections can be titled with the representative feeding guild, such as Piscivorous Pelagic Fish, Benthic 
Omnivorous Fish, etc. 
 
Further, the exact ROC should be modified based on the results of the avian survey (i.e., may want to use a 
small heron, green heron, or black-crowned heron instead/in addition to the Great Blue). 
 

D 

83 
Appendix C 
Section 9.5 

Page 21 

Blue crab is assumed to be 4 percent of the great blue heron diet in the study area. It is important to 
understand the diversity of diet that herons and egrets display based on food availability. If small fish are 
not available they will feed on other items to a significant degree including crabs. The assessment may 
need to assume a higher portion of crab if sampling efforts indicate limited availability of small fish (e.g., 
mummichog). 
 

D 

84 
Appendix C 
Section 9.6 

Page 22 

Based on observations made during the forage fish sampling event, black-crowned night herons were 
observed more frequently than great blue herons on the Passaic River.  Although the great blue heron was 
previously identified as the surrogate for heron/egrets, it is recommended to include risk calculations for 
both the great blue heron and black-crowned heron in the ecological risk assessment.  This will provide 
estimates for larger herons/egrets as well as smaller herons/egrets, which may have different risks based on 
their smaller size and increased metabolic rates.  For both species, a site-use factor of 1 should be used for 
the initial calculations. 
 

D 

85 
Appendix C 
Section 11.6 

Page 28 

The site-use factor for the river otter is listed as 0.25 instead of 1.  The rationale provided for selecting 
0.25 does not seem appropriate.  The rationale indicates that river otters have a large home range (up to 19 
miles) and that they are not observed in the river system so their use of the site is low.  While these are 
important factors, the information that is missing is the proximity of the Passaic River to other river 
systems.  If there were other water bodies within a 6-19 mile radius and greenways for them to migrate 
between the different systems, then a lower use factor may be appropriate.  However, if a river otter were 
to use the Passaic River, it would likely only have the river length to migrate up and down (note that we 
have a 17.4 mile stretch of river defined as the site, which is similar to the 19 mile home range), and 
therefore would spend much more time in the river system.  A site-use factor of 0.75 should be used. 
 

D 

 



de maximis, inc.
186 Center Street

Suite 290
Clinton, NJ 08809
(908) 735-9315

(908) 735-2132 FAX

November 19, 2010

stephanie Vaughn
Remedial Project Manager
Lower Passaic River study Area RifFS
United States Environmental Protection Agency, Region 2
290 Broadway
New York, New York 10007-1866

Via Electronic Mail and Fedex

Re: Diamond Alkali Superfund Site, Lower Passaic River Study Area (LPRSA) Remedial
Investigation/Feasibility Study (RifFS) - CERCLADocket No. 02-2007-2009

Dear Ms. Vaughn:

Thiswill acknowledge receipt of your letter to me of November 5,2010. In accordance with
the requirement of your letter, this will confirm that the Cooperating Parties Group (CPG)
intends to comply with the directive comments contained in your letter issued for the risk
assessment planning documents.

However, as we have consistently stated, the CPG believes that the directive comments will
cause the risk assessment to result in unrealistic estimates that significantly overstate the risks
presented by the LPRSA. Therefore, the CPG will also follow Walter Mugdan's suggestion,
discussed during the October 5, 2010 meeting between EPA and CPG representatives, to
accompany our submission of the revised risk assessment planning documents with a
separate letter for the administrative record detailing our positions.

The CPG desires to continue working cooperatively with EPA on the risk assessment and,
therefore, does not want to invoke dispute resolution for every deliverable that is submitted
during the risk assessment process. Nor does it believe that it must invoke dispute resolution
at this time in order to preserve the right to invoke dispute resolution at a later date related to
the risk assessment (including with respect to issues arising from EPA's November 5th directive
comments). However, simply to preclude any argument that the CPG has waived its right to
invoke such dispute resolution, the CPG is invoking dispute resolution at this time pursuant to
Section XV of the RI/FSAdministrative Order on Consent. Nonetheless, the CPG would like to
discuss deferral of dispute resolution with EPA at the earliest opportunity, which it believes
would be the best option.

-----:::--

rt H. Law, PhO.
Project Coordinator

Allentown, PA• Clinton, NJ • Greensboro, GA• Knoxville, TN • San Diego, CA • Riverside, CA
Cortland, NY• Wheaton, IL• Sarasota, FL• Houston, TX· Windsor, CT •Waltham, MA

n _

t.~PAPER
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Subject:        FW: Fwd: Re: EPA-CPG RARC Meetings Term Sheets

-----Original Message-----
From: Robert Law <rlaw@demaximis.com>
Date: Thu, 10 Feb 2011 17:01:34 
To: Lisa Saban<lisas@windwardenv.com>; Michael 
Barbara<mab.consulting@verizon.net>; Mike Johns<mikej@windwardenv.com>; 
WillardPotter<otto@demaximis.com>; Betsy Ruffle<BRuffle@ensr.aecom.com>
Subject: Fwd: Re: EPA-CPG RARC Meetings Term Sheets

-------- Original Message --------
Subject: Re: EPA-CPG RARC Meetings Term Sheets
From: Vaughn.Stephanie@epamail.epa.gov 
To: "Robert Law" <rlaw@demaximis.com>
CC: Olsen.Marian@epamail.epa.gov,Nace.Charles@epamail.epa.gov 

Hi Rob,

We reviewed the "term sheets" you submitted last week.  Attached is the
one related to the December 16, 2010 meeting we had to discuss the Human
Health Risk Assessment, appended with another column which includes EPA's
comments/responses.  A related Technical Memorandum is also attached.

We have only one comment on the spreadsheet you submitted summarizing the
December 14, 2010 meeting we had to discuss the Ecological Risk Assessment
and Data Usability.  As to the treatment of non-detects, we do not recall
ever stating that NDs should possibly be set to the detection limit.  We
can discuss this further if you like.  Note that EPA is developing a
recommended approach for handling NDs for dioxins and PCBs, and this
guidance may be available within the next 6 months or so.

Please let me know if you have any questions.

Thanks,
Stephanie

From:   "Robert Law" <rlaw@demaximis.com>
To:     Stephanie Vaughn/R2/USEPA/US@EPA
Cc:     "Willard Potter" <otto@demaximis.com>, "Betsy Ruffle"
<bruffle@ensr.aecom.com>, "Mike Barbara" <mab.consulting@verizon.net>,
"Lisa Saban" <LisaS@windwardenv.com>, "Mike Johns" <MikeJ@windwardenv.com>
Date:   02/02/2011 07:09 PM
Subject:        EPA-CPG RARC Meetings Term Sheets
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Stephanie:

The 3rd time is a charm....
1.      I removed the P&C and draft from the HHRA term sheet; I sent
previously.
2.      Please note that the CPG will be providing the background appendix
with the CPG's resubmission of the RARC
3.      The CPG would like to schedule a meeting with you and Chuck prior
to February 17; Mike Johns, Lisa Saban and I would be attending to discuss
the review of the regional data sets that you requested.
4.      We can  discuss 2 & 3 when I see you tomorrow.
Thanks

R/
Rob

Robert Law, Ph.D.
de maximis, inc.
rlaw@demaximis.com 
Voice: 908-735-9315
Fax: 908-735-2132[attachment "20110202 EPA-CPG  12-14-201 ERA Meeting Term
Sheet.docx" deleted by Stephanie Vaughn/R2/USEPA/US] [attachment "20110202
EPA-CPG HHRA Mtg  12-16-2010 Term Sheet.docx" deleted by Stephanie
Vaughn/R2/USEPA/US]

Robert Law, Ph.D
de maximis, inc.
Sent from my ANDROID
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Term Sheet  

December 14, 2010 Meeting with USEPA on Ecological Risk Assessment and Data Usability 

Issue Resolution Relevant 

Comment(s) 

RARC ERA 

Using a range of 

values and 

developing 

ecological 

exposure 

parameters for 

the baseline 

ecological risk 

assessment (BERA)  

Instead of using a single set of values for the BERA, CPG and USEPA 

agree to use ranges of various parameters (e.g., exposure 

parameters) and risk estimates and to provide the scientific 

justification of why CPG chose certain parameters and why CPG did 

not chose others for a more robust risk assessment and stronger basis 

for risk management decisions. Agree to presenting the “high, 

medium and low” estimates for receptor scenarios because the actual 

condition is probably somewhere in that range. 

Agree the site survey data and the life history compilations should be 

used to develop the exposure parameters (e.g., site use factors, 

dietary preferences and percentages). USEPA agreed that this 

information will be presented in the BERA instead of the RARC. CPG 

will include USEPAs suggested exposure parameters, as well as those 

selected by CPG based on the above compilation. Agree to provide a 

BERA with a range of parameters and risk estimates since it provides 

a better document for risk management decisions. 

29, 34, 73, 

75, 76, 77, 

78, 79, 80, 

81, 83, 84, 85 

Developing 

exposure areas for 

the BERA 

Agree that identification and delineation of exposure areas will not be 

included in the revised RARC. Rather, CPG will compile information 

from all the site ecological surveys, as well as literature reviews of life 

history information, and chemical information, before developing 

exposure areas. The literature-based life history compilation could 

begin soon (first quarter 2011). 

3, 33 

Developing 

background areas 

for the BERA 

Agree to evaluate existing data (Delaware Bay to southern New 

England) from regional data sets (benthic communities, benthic 

toxicity tests, fish tissue, and sediment chemistry) to develop 

potential range of background conditions. Once CPG has compiled the 

data, a meeting will be set up with USEPA to discuss using these 

existing data for a range of background conditions. 

10, 70, 71 

Treatment of non-

detects (NDs) in 

the BERA   

USEPA stated that non-detects (NDs) should be set to detection limit 

or treated statistically using ProUCL (if this scenario occurs). Agree 

any problematic chemicals identified from the standpoint of 

detection limits will be discussed with USEPA. 

6 

Developing the 

sediment 

ingestion rate for 

the eel 

USEPA stated the comment they gave CPG may not be correct and 

CPG should evaluate the sediment ingestion rate for the eel, along 

with the other exposure parameters of all the other receptors. Agree 

to specifically evaluate the eel sediment ingestion rate and provide 

recommended sediment ingestion rate based on evaluation 

77 

Discussion of 

habitat 

characteristics 

Agreed that habitat characteristics (e.g., TOC, grain size, ammonia) 

could be discussed in various sections of the risk assessment, 

including the risk characterization section, however, the risk 

characterization section should primarily focus on risks to hazardous 

18  
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chemicals. Agree to add a new section (possibly a subsection of risk 

characterization) that could be called “discussion” that would go into 

more explanation of various factors influencing potential risk to the 

ecological receptors, in addition to hazardous chemicals. 

Developing 

chemicals of 

potential 

ecological concern 

(COPECs) 

Agree to evaluate chemicals that are detected in tissue but not in 

sediment and discuss with USEPA when determining chemicals of 

potential ecological concern (COPECs) 

63, 67 

Revised RARC 

document 

CPG to revise RARC minus the background appendix (schedule to be 

discussed with USEPA at a later date). To assist USEPA in their review, 

CPG agrees to provide context in the document for why the revised 

document is different from the previous document. The exposure 

parameter appendix will be shortened to explain the process the CPG 

will use for determining exposure parameters. The actual exposure 

parameters will be in the BERA. One example life history profile for an 

ecological receptor will be included in this appendix. Please Note: 

CPG will be sending a revised background appendix in its February  

2011 resubmittal. 

 

Data Usability Document 

Use of historical 

data in calculating 

exposure point 

concentrations 

(EPC) for risk 

assessment. 

USEPA stated that EPCs will be calculated using current (CPG) data 

only; include discussion of older data and trends in concentration in 

RAs and RI Report. 

Data 

Usability 

Document, 

first general 

comment 

and 

comments 

number 4, 5, 

7 
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Evaluation of data sets with less 

than 10 samples. 

Agree to statistically evaluate (e.g., using the 

CV) whether 95UCL or maximum 

concentration is appropriate for sample sizes 

less than 10 samples. Agree to use ProUCL and 

discuss with USEPA if there are problematic 

chemicals.   

Data Usability 

Comment 17 

Historic data sums Agree to only use historic sums where the 

individual component result is not available in 

general trend analysis (and also discuss the 

uncertainty with using these sums). These 

data will not be used in calculation of EPCs. 

Data Usability 

Comment 8a 

Sediment data depth Agree 0-6 inches should be the depth used in 

the BERA for EPC calculations. 

Data Usability 

Comment 4c 

Study area Agree the study area for the BERA should be 

of the RM 0-17.4 of the main stem and to 

head of tide for the tributaries. 

Data Usability 

Comment 6 

Data Usability Document Provide USEPA a schedule for revision of the 

data usability memo and a schedule for the 

data usability memos for other aspects of the 

RI. 

Data Usability 

Comment 1 
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EPA Responses to 

CPG Summary of December 16, 2010 Meeting with EPA on Human Health Risk Assessment 

 

 Issue Resolution Relevant 
Comment(s) 

EPA Response 

 Exposure Parameter Assumptions  
1 Sediment dermal adherence factor 

for children is unrealistic due to 
supermonolayer loading on feet. i

EPA to revisit basis for child sediment 
dermal adherence factor, including 
discussing with headquarters (John 
Schaum), and adjust to account for 
supermonolayer loading.  CPG requests 
findings of EPA’s review and analysis. 

 

1, 40, 44 A revised dermal adherence factor of 0.2 mg/cm2 
may be used for children.  Please see Section 2.0 in 
the attached Technical Memorandum for more 
details. 
 

2 Assumption of entire swimmer body 
surface area in contact with sediment 
is unrealistic and not supported by 
guidance.ii

EPA to revisit basis for assumption, 
including guidance and discussing with 
headquarters (John Schaum).  CPG 
requests findings of EPA’s review and 
analysis.   

 

1,40, 44 Revised dermal contact with sediment areas may be 
used for both adults and children.  Please see Section 
3.0 of the attached Technical Memorandum for more 
details.  Please note that the full body exposure 
assumptions should still be used in assessing 
exposures while swimming. 
 

3 Use of default residential soil 
exposure assumptions for evaluating 
nearshore sediment is unrealistic.iii

Baseline HHRA to evaluate nearshore 
sediment consistent with Region 2 
approach for floodplain soils (residential 
scenario). If risks acceptable, floodplain 
study (FSP3) may not be necessary. 

 

1,40, 44 While the resolution description is acceptable, keep in 
mind that this is not the only factor that will go into 
making the decision of whether a floodplain study will 
be needed. 
 

4 Directive crab consumption rate 
based on Burger (2002) study is not 
supported.iv

EPA is working to obtain back-up on 
Burger study.  CPG requests copy of any 
back-up data obtained from Burger.   

7 EPA is still working on this. 
 
 
 

5 Status of EPA’s development of 
alternative fish consumption rates for 
consideration in baseline risk 
assessment. 

EPA to provide CPG with analysis of rates 
used in other HHRAs, published 
literature, and angler surveys, with a 
focus on Region 2.  As part of analysis, 
CPG requests that:   

7, 17c EPA is completing its analysis related to this request 
and plans to send a response the week of 2/21/11. 
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• Comparability of water body to 
LPRSA be considered,  

• Consistent and balanced criteria 
be applied to verify quality and 
defensibility of methods, results, 
and analysis of all cited studies, 

• Burger’s and Tierra’s surveys be 
included  

6 Assumption that all fish and crab 
consumed by RME angler comes from 
LPRSA is not supported by survey 
results and proximity of several other 
fishable water bodies.v

EPA to review other sediment site HHRAs 
where fraction ingested (FI) of less than 1 
has been used in RME scenarios, 
including Aberjona River (Region 1), 
Sudbury River/ Nyanza (Region 1), West 
Branch of Grand Calumet River (Region 
5), and consider appropriateness for 
LPRSA baseline HHRA. CPG requests 
findings of EPA’s review and analysis. 

 

46  EPA is completing its analysis related to this request 
and plans to send a response the week of 2/21/11. 

7 Assumption of no cooking loss for 
crab is not supported by the 
literature.vi

EPA to review relevant published article 
(Zabik et al. (1992) attached). CPG 
requests findings of EPA’s review and 
analysis. 

 

48 As requested, EPA has reviewed the article published 
by Zabik, but does not find that this study supplies 
sufficient basis to change our directive of assuming no 
cooking loss for crab.  Please see Section 5.0 of  the 
attached Technical Memorandum for more details. 

 Exposure Point Concentrations  
8 Use of historical data in calculating 

exposure point concentrations (EPC) 
for risk assessment. 

EPA has agreed that EPCs will be 
calculated using current (CPG) data only; 
include discussion of older data and 
trends in concentration in RAs and RI 
Report. 

Data 
Usability 
Comment 4e 

No comment 

9 Evaluation of data sets with less than 
10 samples. 

Follow ProUCL recommendation if the 
UCL is below the maximum, and identify 
in text.  EPA and CPG to check ProUCL 
guidance for minimum sample size.vii

Data 
Usability 
Comment 17 

  

EPA generally agrees with the summary provided.  
However, note that while Pro UCL may compute UCLs 
for datasets with a minimum of 5 values, this only 
applies if they are all detected values.  The ProUCL 
guidance goes on to say that the minimum 
recommended dataset size is 8 to 10, and preferably 
greater. 

10 Use of UCL for CTE exposure point 
concentration (EPC). 

EPA to review Region 2 risk assessment 
where mean/median used for CTE 

51a EPA will review the site when it is provided.  However, 
as the 1992 Guidance Publication 9285.7-08I states: 
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scenario and results discussed in 
uncertainty section (CPG to identify site). 

 

  
 
The document goes on to indicate that the average 
concentration is an upper confidence limit on the 
mean.  This supports the evaluation of both the CTE 
and RME using the UCL on the mean.   
 

11 Air pathway assessment approach. CPG to provide EPA with tiered approach 
for evaluating air pathway, including 
proposed models, in revised RARC Plan. 

41, 51c No comment 

12 Status of EPA discussion regarding 
use of modeled EPCs in risk 
assessment. 

EPA has determined that the risk 
assessments will be based on current 
data; modeled EPCs should be used in FS 
when evaluating remedial alternatives 
and cleanup goals. 

51d No comment, except that, at this point in time, EPA 
would prefer stating that modeled EPCs may be used 
in the FS. 

 Exposure Areas  
13 Identification of exposure areas. The RARC Plan will not discuss exposure 

areas for the HHRA, rather the plan will 
describe the factors to be considered in 
identifying exposure areas, including 
physical factors, access and exposure 
potential, as well as site chemistry. 

3,49,50 No comment 

14 Refinement of COPCs by exposure 
area. 

CPG to evaluate feasibility of refining 
COPCs by exposure area considering 
RAGS Part D format. 

68 This is not acceptable.  The RAGS Part D format must 
be used to represent the risks and hazards from these 
areas. 

 Dermal Risk Assessment  
15 RAGS Part E equation for organics in 

water missing from RAGS Part D 
tables. 

Use RAGS Part E equation for organic 
COPCs via dermal-water. 

1, 40, 44 No comment 

16 Approach for evaluating sediment 
COPCs without default dermal 
absorption fraction (DAF). 

Qualitatively evaluate sediment COPCs 
lacking RAGS Part E DAFs. 

47a No comment 

 Documentation  
17 Inclusion of equations in text and Present equations in both text and RAGS 1, 40, 43 No comment 



4 
 

tables of RARC Plan. Part D tables. 
18 EPA (2002) reference missing from 

EPA Tech Memo. 
EPA to provide citation for missing 
reference. 

-- The reference is as follows: 
 Supplemental Guidance for Developing Soil Screening 
Levels for Superfund Sites, OSWER 9355.4-24 
December 2002.  A link to the reference can be found 
at: 
http://www.epa.gov/superfund/health/conmedia/soil
/pdfs/ssg_main.pdf . 
    

 Probabilistic Risk Assessment  
19 Use of probabilistic risk assessment 

(PRA) should not be precluded. 
EPA acknowledges that CPG has option to 
pursue PRA, as allowed by guidance, but 
is concerned about time needed for this 
type of analysis. 

9, 57 EPA notes that consistent with RAGS Part III 
Guidance, if a PRA is pursued, a work plan including 
distributions will need to be submitted to the Agency 
for review and approval. 
 

20 Use of distributions of TEFs in 
probabilistic risk assessment should 
not be precluded. 

Defer discussion on TEF distributions until 
EPA guidance on use of TEFs in HHRA for 
dioxin-like compounds is finalized, since it 
is draft and does not constitute agency 
policy. 

4 The document has now been finalized.   
The document title is:  Recommended Toxicity 
Equivalence Factors (TEFs) for Human Health Risk 
Assessments of 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
and Dioxin-Like Compounds.  EPA/100/R 10/005, 
December 2010.  
 A link to the document can be found at:  
http://www.epa.gov/osa/raf/hhtefguidance/  
The document indicates on pages 15 through 22 the 
reasons why it is not appropriate to develop 
distributions for the TEFs. 
 

 

                                                           
i As recommended by USEPA’s dermal guidance (2004) and the scientific literature (Spalt et al., 2009), the differences between the experimental site and the “site” with respect 
to sediment grain size and organic carbon properties should be evaluated to, first assess whether use of experimental study data are appropriate for the site, and to adjust if the 
AF represents supermonolayer loading.   
ii USEPA’s  dermal guidance (2004) and Children’s Exposure Factors Handbook (2008) recommendation for 100 percent body surface area during bathing and swimming exposure 
pertains to surface water and not sediments (Schaum, Personal Communication, 2010).  The dermal guidance also states that sediments consistently covered by water are likely 
to wash off before the individual reaches the shore.   
iii USEPA’s (1991) default assumptions for evaluating residential soil are based on exposures occurring in the resident’s yard and from soil-derived dust inside the home. 
Application of these assumptions to nearshore sediment, even for those residents who live next to the LPRSA, does not take into account the distribution or mixing that would 

http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_main.pdf�
http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_main.pdf�
http://www.epa.gov/osa/raf/hhtefguidance/�
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occur between the river sediments and the native soils in the residential yards. Further, it does not account for climate or weather conditions that would preclude or significantly 
limit sediment contact (i.e., snow, ice, cold temperatures).   
iv The1999 intercept survey of Newark Bay anglers (Burger, 2002) was conducted over a four-month period (May 15 to September 15). Each angler was interviewed once.  
Consumption was determined by multiplying the number of reported meals per month by portion size (e.g., the reported number of crabs consumed per meal) by the reported 
number of months per year that anglers fish or crab (and presumably eat their catch). The assumed edible crab tissue weight of 70 grams is higher than CPG’s data for LPRSA 
muscle and hepatopancreas (average of ~45 grams) and NJDEP’s estimated muscle and hepatopancreas weight (~44 grams) (Horwitz et al., 2006).  No information was asked 
regarding parts consumed, preparation/cooking practices, or sharing. Burger’s calculated rates are highly uncertain and likely overestimated due to recall bias, incomplete data 
on disposition of crabs, and inaccurate edible tissue weight.   
v Little to no crabbing has been reported on the LPRSA, whereas crabbing has been reported in Newark Bay, the Raritan River, and the Arthur Kill (Burger 2002; May and Burger 
1996; Desvousges et al., 2001). Given the proximity of other more desirable sportfishing water bodies near LPRSA (e.g., Hackensack River, Hudson River, Upper Passaic River, 
Newark Bay), an FI less than 1 is warranted for fish and crab, consistent with other urban river HHRAs. 
vi Based on NJDEP’s angler surveys for Newark Bay and coastal New Jersey, the majority of crab consumers remove the hepatopancreas before cooking, or do not consume it 
after cooking. [Concentrations of bioaccumulative chemicals tend to be higher in the hepatopancreas relative to muscle and other crab tissues.]  Further, concentrations of 
organic contaminants (e.g., PCBs) in crab muscle that is cooked along with the hepatopancreas do not increase (Zabik et al., 1992).   
vii CPG has confirmed that ProUCL will calculate statistics and provide recommended UCLs on data sets with as few as 5 values. 
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Technical Memorandum 
Revisions to Exposure Parameter Assumptions for the LPRSA 

Human Health Risk Assessment 
 
1.0 Introduction 
Potential exposure pathways, exposure routes, and potentially exposed receptors   under 
current and future land-use scenarios have previously been identified in the Lower Passaic 
River Study Area (LPRSA) Human Health and Ecological Risk Assessment Streamlined 2009 
Problem Formulation Document (PFD) (Windward Environmental and AECOM 2009). The 
September 10, 2010 comment letter from United State Environmental Protection Agency 
(EPA) to the Cooperating Parties Group (CPG) updated exposure pathways and receptors 
and detailed exposure assumptions to be used in the Human Health Risk Assessment 
(HHRA) for those pathways and receptors. Specific exposure parameter assumptions were 
discussed during a December 16, 2010 meeting between representatives of the EPA and the 
CPG. This memorandum provides revisions to several exposure parameters.  
 
2.0 Sediment Adherence Factor for Children 
The adherence factor previously recommended for adolescents and children was based on a 
study of children engaging in shoreline play on tidal flats as summarized in the Child-Specific 
Exposure Factors Handbook (EPA 2008). This activity most accurately reflects the anticipated 
activity of receptors along the Passaic River. However, review of the original study by Shoaf 
et al. (2005) revealed that the sediment in the study had a higher grain size than is typically 
found in the sediment from the banks of the Passaic River; 71 percent of the sediment in the 
Shoaf et al. study was characterized as medium to very coarse sand (grain size of 0.25 to 1.999 
mm). Only 0.77 percent of the total sample mass was characterized as clay or silt. In contrast, 
Passaic River sediment near the banks is typically soft, organically enriched silt, while firmer, 
coarser sediments are observed in the deeper mid-section of the river (Germano & Associates, 
Inc. 2005). Grain size data from the draft Low Resolution Coring Characterization Study 
(AECOM 2010) show that on average along the 17-mile study area more than 40 percent of 
surface sediment mass was characterized as fines (i.e., clay or silt). The adherence of sandy 
sediment as characterized in the Shoaf et al. (2005) study may not accurately reflect adherence 
of finer grain sediments. 
  
EPA (2004, 2008) also recommends adherence data from several other studies, including 
children playing indoors, at daycare, in dry soil, in wet soil, in mud, during gardening, and 
while playing soccer. The activity and conditions that most closely align with receptor 
activities along the Passaic River is children playing in wet soil. Therefore, the recommended 
adherence factor for children and adolescent receptors is 0.2 mg/cm2, and is based on the 50th 
percentile surface area weighted soil adherence data for children playing in wet soil (EPA 
2004). 
 
3.0 Exposed Surface Area for Swimmers 
The September 10, 2010 comment letter assumed that the entire body of a swimmer would be 
available for dermal exposure to both surface water and sediment. For dermal contact with 
surface water, the total body surface area is still assumed to be exposed for swimming and 
remains unchanged from the September 10, 2010 comment letter: 18,000 cm2 for adults 
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(Exhibit 3-2 of EPA 2004), 14,800 cm2 for adolescents (EPA EPA 2008), and 6,600 cm2 for 
children (Exhibit 3-2 of EPA 2004). However, a swimmer’s dermal contact with sediment as 
they enter and leave the river is not likely to involve the entire body, but would be more 
similar to the exposure of a wader. Therefore, the exposed skin surface for sediment is 
assumed to be limited to the head, hands, forearms, lower legs and feet. The exposed skin 
surface area of these body parts for adults is 6,100 cm2, the average of the 50th percentile for 
males and females older than 18 years of age (EPA 1997). The exposed skin surface area for 
adolescents is 5,100 cm2, based on the weighted average surface area for males and females 
ages 7 to <19 years (EPA 2008). The exposed skin surface area for children is 2,500 cm2, based 
on the weighted average surface area for children ages 1 to <7 years (EPA 2008). 
 
4.0 Exposed Surface Area for Boaters 
Boaters get wet from the splashing of oars, rough water, or wakes made by powerboats 
(PRRA 2010). For dermal contact with sediment and surface water, the boater was previously 
assumed to wear a short-sleeved shirt, and shorts (no shoes, or open shoes); therefore, the 
exposed skin surface included the head, hands, forearms, lower legs and feet. However, the 
teenage and adult boaters that participate in sculling do typically wear shoes and have 
indicated that when splashed by water their exposure is usually limited to the hands, 
forearms, and sometimes the face (Nereid Boat Club 2010). When the surface area is limited to 
these body parts, the exposed skin surface area for adult boaters is 2,500 cm2, the average of 
the 50th percentile for males and females older than 18 years of age (EPA 1997). The exposed 
skin surface area for teenage boaters is also 2,500 cm2, based on the weighted average surface 
area for males and females ages 14 to <19 years (EPA 2008). 
  
Recreational boaters participating in canoeing or kayaking on the river could have a different 
exposure pattern from the scullers. They are assumed to go boating less frequently but may 
still have their lower legs and feet exposed. Therefore, the surface area for older child 
recreational boaters is unchanged (4,400 cm2) and based on the weighted average surface area 
of head, hands, forearms, lower legs, and feet for children ages 7 to <14 years (EPA 2008). 
 
5.0 Cooking Loss in Crabs 
A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the 
cooking process and not consumed by the receptor. Cooking loss for crabs was assumed to be 
0 percent for all contaminants under the reasonable maximum exposure (RME) and central 
tendency exposure (CTE) scenarios. A study published by Zabik et al. (1992), entitled “Effect 
of Preparation and Cooking on Contaminant Distributions in Crustaceans: PCBs in Blue 
Crab,” has been reviewed. The study showed that boiling or steaming reduced PCB 
concentrations by greater than 20 percent in tissue, and that the cooking water contained 
about 80 percent of the PCBs that were lost from the crabs. Thus, most of the PCBs lost from 
the crabs could still be consumed if the cooking water is used to prepare soups, sauces, pasta, 
etc. Potential cooking loss assuming discarding the cooking water may be discussed in the 
uncertainty section of the risk assessment, but a cooking loss of 0 percent should still be 
assumed for the RME and CTE scenarios in the risk assessment. 
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Technical Memorandum 

Fish and Crab Consumption Rates 

for the LPRSA Human Health Risk Assessment 

 

1.0 Summary of the Issue 

 
Fish and crab ingestion rates are needed to develop a human health risk assessment that 
characterizes the risk posed to individuals who consume contaminated fish and crabs in the 17.4 
miles of the Lower Passaic River Study Area (LPRSA), which is a tributary of the Newark Bay 
Estuary, in the New York/New Jersey Harbor Estuary.  This document presents a detailed 
evaluation of LPRSA-pertinent angler and creel surveys to identify ingestion rates for the Lower 
Passaic River.  The analysis provides a weight-of-evidence approach for evaluating consumption 
for the reasonably maximum exposure (RME).  The RME is the highest exposure reasonably 
expected to occur at a site under both current and future uses (EPA 1989) and is consistent with 
the goals of the Superfund program to design remedies that are protective of all individuals who 
may be exposed at a site (55 FR 8710, March 8, 1990).  U.S. Environmental Protection Agency 
(EPA) Superfund risk assessment guidance requires the evaluation of completed exposure 
pathways under current and future conditions (EPA 1989).   
 
The Cooperating Parties Group (CPG1) proposed using a fish consumption rate of 1.8 g/day for 
the Lower Passaic River, taken from an angler and creel survey conducted in the lower six miles 
of the LPRSA described in Ray et al. (2007b) and Urban et al. (2009). This fish consumption rate 
was calculated by including a large majority of anglers (54 of 61 anglers) who stated that they 
did not consume the fish they caught and thus had zero fish consumption from the Lower Passaic 
River (Ray et al. 2007b). Anglers with zero fish consumption are not exposed through a fish 
consumption pathway and cannot be considered as part of the RME for individuals who may be 
exposed. Therefore, they should not have been included in the calculation of a fish ingestion rate 
for the RME individual.  Fish consumption rates from Ray et al. (2007b) that are based only on 
anglers who consume fish from the Lower Passaic River are 23.95 g/day (maximum estimated 
using probabilistic calculations) and 28 g/day (the actual reported maximum). These two values 
are comparable to the 26 g/day consumption rate for anglers recommended in EPA's Exposure 
Factors Handbook (EPA 1997) (errata at www.epa.gov/ncea/pdfs/efh/addendum-table.pdf ), 
which Urban et al. (2009) rejected because “use of the default values would clearly inflate actual 
fish consumption” in the Lower Passaic River. 
 
However, the workplan for the survey described in Ray et al. (2007b) was submitted to EPA for 
review and was not approved, because it was inconsistent with EPA guidance in planning, 

                                                           
1
 The CPG is a group of potentially responsible parties who signed an agreement with EPA to implement a remedial 

investigation and feasibility study for the LPRSA, under EPA oversight. 
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implementation and analysis.  Therefore, the survey and its results may not be used in the 
LPRSA risk assessment without caveat.  This technical memorandum considers all other relevant 
angler and creel surveys in order to develop fish and crab ingestion rates for the LPRSA. 
 
1.1.  Relevant Guidance 

 
The 1992 Exposure Assessment Guidelines issued by EPA, defines exposure as contact between 
a chemical, physical, or biological agent and a target (e.g., exposed individual) [EPA 1992].  
Based on this definition, this evaluation of fish consumption surveys will include consumption 
patterns only among anglers reporting consumption of fish and/or crabs.  Non-consumers will 
not be further evaluated since the fish ingestion exposure pathway is not complete.   
 
This approach of evaluating only fish consumers is consistent with the Risk Assessment 
Guidance for Superfund (RAGS) – Part A (EPA 1989) that defines the RME as the maximum 
exposure that is reasonably expected to occur under baseline conditions and is not a worst-case 
exposure scenario.  This approach is reaffirmed in the National Oil and Hazardous Substances 
Pollution Contingency Plan (55 FR 8710, March 8, 1990) which clarified that only potential 
exposures that are likely to occur are included in the RME evaluation.  RAGS Part A guidance 
(EPA 1989) further indicates that current and future exposures are evaluated in the absence of 
Institutional Controls such as the health advisories for fish and crab consumption that are in 
effect on the Lower Passaic River. 
 
RAGS Part A recommends the following procedures for calculating a contact rate. “Contact rate 
reflects the amount of contaminated medium contacted per unit time or event.  If statistical data 
are available for a contact rate, use the 95th percentile value for this variable” (EPA 1989, p.6-
22). Consistent with this recommendation, in those cases where fish ingestion rate data are 
available and supportive of statistical calculations, the 95th percentile is used in the calculation 
and is noted in the text.  
 
In accordance with the Superfund 1991 Standard Default Exposure Assumptions guidance, the 
fish pathway should be evaluated when there is access to a contaminated water body large 
enough to produce a consistent supply of edible-sized fish over the anticipated exposure period 
(EPA 1991). This criterion has been met for the Lower Passaic River.  EPA also provides 
guidance recommending the use of default exposure assumptions to reduce unwarranted 
variability in the exposure assumptions used by Regional Superfund staff to characterize 
exposures to human populations in the baseline risk assessment (EPA 1991).  Further, the 
guidance was developed to encourage a consistent approach to assessing exposures where there 
is lack of site-specific data or consensus on which parameter value to choose, given a range of 
possibilities (EPA 1991). 
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Based on these guidance documents, this analysis evaluates the number of anglers reporting fish 
consumption in the available surveys, variability in fish ingestion rates across surveys, and 
consistency with fish ingestion rates used by Region 2 in Records of Decision since 1991.  The 
analysis also provides information regarding application of a Fraction Ingested value equal to 
one. 

 

2.0 Published Studies 

 

Fish and crab consumption surveys relevant to the 17.4-mile area of the LPRSA were identified 
based on the criteria outlined in EPA’s 2000 Ambient Water Quality Guidance (EPA 2000).  The 
analysis is organized by the following data sources: 
 

(1) use of local data;  
(2) use of data reflecting similar geography/population groups;  
(3) use of data from national surveys; and  
(4) use of EPA’s default intake rates. 

 
1.  Local Data.  One survey was identified in the lower six miles of the Passaic River (Ray et 

al., 2007a,b).  A survey of the entire 17.4-mile study area was not found based on a literature 
review conducted for this document.     

 
2. Geographic Areas/Population Groups.  Three surveys were identified in the Newark Bay 

Estuary and the New York Bay Estuary, which are the watersheds encompassing the 17.4-
mile LPRSA.   Additional surveys in New Jersey were identified including surveys in 
Barnegat Bay and the 1993 New Jersey Statewide survey.  The surveys listed below share 
similar geography, population groups and climatic conditions, and include: 
 

• Newark Bay Complex including Newark Bay, tidal portions of the Hackensack 
River, Passaic River, Arthur Kill, and Kill van Kull (Burger 2002; May and 
Burger 1996).   

 

• 1993 New Jersey Household Fish Consumption Study conducted by the Center 
for the Public Interest Polling (CPIP) and the New Jersey Marine Sciences 
Consortium (NJMSC) (1993) and an intercept survey conducted in Barnegat Bay 
(Burger et al. 1998).    

 
• New York Statewide Angler survey, a statewide mail survey of New York State 

anglers, with applicability to the New York Bay, conducted in 1991 (Connelly et 
al. 1992).  The survey data was obtained by EPA and analyzed based on type of 
water body, flowing vs. still water, single waterbody vs. multiple waterbodies, the 
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climate, fishing regulations, and the availability of desired fish species.  This 
analysis was presented in the externally peer-reviewed Human Health Risk 
Assessment for the Hudson River (TAMS 2000).   

 
3. National Surveys.  The 1997 Exposure Factors Handbook (EPA 1997) identified a national 

survey (EPA 1996) that provides daily average per capita fish consumption estimates based 
on the combined USDA 1989, 1990, and 1991 Continuing Survey of Food Intakes by 
Individuals (CSFII).   

 
4. National Default Fish Ingestion Rates.  Recommended fish ingestion rates are available in 

the following EPA guidance: 
 

• 1997 Exposure Factors Handbook (EPA 1997)  
• 1991 Standard Default Exposure Factors for Superfund (EPA 1991)  

• Office of Water Methodology for Deriving Ambient Water Quality Criteria (EPA 
2000).  

 

2.1  Survey Evaluation 

 

a.  Number of Survey Individuals 
 
Number of individuals reporting fish consumption for the surveys described above was compiled 
and illustrated in Figure 1.      
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Figure 1.  Number of Anglers Responding to Surveys Indicating Fish Consumption 

 
 
As indicated in Figure 1, the one local survey conducted by Ray et al. (2007b) had 7 reported 
consumers and the lowest number of fish consumers of all of surveys analyzed.  Table 6 in Ray 
et al. (2007b) reported that only 11% of those surveyed reported consuming fish (i.e., 7 out of 61 
anglers surveyed). The small number of consumers limits further statistical analyses in that it 
would result in a large variance around the estimated ingestion rate.  Therefore, in accordance 
with EPA guidance (EPA 1992), the small number of consumers and the minimal consumer-
specific data provided by Ray et al. (2007b), limit evaluation of the consumption rate to the 
maximum reported consumption rate of 28 grams/day, which will be used in further evaluations 
of the data.   
 
The remaining surveys indicate a range of individuals reporting consumption of fish and/or 
crabs.  Larger numbers of individuals reporting fish consumption provide a more robust dataset 
that can be used to represent the upper percentile consumption rate. 
 

b.  Survey Methodology Review Process 
 
Funding and methodological review procedures for the surveys identified in Section 2.0 vary.   
All of the papers provided below were published in the peer-reviewed literature or by EPA 
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following an external review process. Following is a summary of the review process and 
considerations. 
 
The survey methodology for the angler and creel survey conducted in the lower six miles of the 
LPRSA, described in Ray et al. (2007b), was reviewed by an expert panel (Finley et al. 2003, 
Kinnell et al. 2007).  The survey results were analyzed using a statistical methodology described 
in a paper published in peer reviewed literature (Ray et al. 2007a,b).  However, the work plan for 
this survey was submitted to EPA for review and specifically disapproved as not being consistent 
with EPA guidance.  In addition, EPA and New Jersey Department of Environmental Protection 
(NJDEP) reviewed the data reported in Ray et al. (2007b) and identified several concerns with 
use of the survey data for the LPRSA human health risk assessment (Mugdan 2010, Buchanan 
2010).  
 
Surveys in the Newark Bay Complex were conducted by Rutgers University, including the 
Environmental and Occupational Health Sciences Institute, and NJDEP.  Within each of these 
organizations, procedures exist for detailed reviews of proposed surveys and research before 
grants are submitted for funding (L. Lurig personal communication with M. Olsen 2011).  Upon 
submission, grants are further evaluated by the funding Agencies listed in the published report: 
EPA Region 2; NJDEP Division of Science and Research; the Consortium for Risk Evaluation 
and Stakeholder Participation through the Department of Energy (DOE) Cooperative Agreement 
and the National Institutes of Environmental Health Sciences.  Each organization has established 
review procedures prior to awarding grants.  They include evaluation of budgets and timelines, 
scientific merit, and whether the grant rules, regulations and guidance are met.  Upon funding of 
grants, typically reports are submitted to the funding Agency and reviewed by the Agency 
scientists for compliance with the approved grant.  Finally, the survey methodologies and results 
were published in peer reviewed literature (Burger 2002, May and Burger 1996). 
 
The New Jersey Statewide Survey of Fish Consumption was conducted in 1993 by the Center for 
Public Interest Polling (CPIP), Eagleton Institute of Politics, Rutgers, the State University of 
New Jersey and the New Jersey Marine Sciences Consortium (NJMSC) for the New Jersey 
Department of Environmental Protection and Energy.  The grant followed State review 
procedures. 
 
The 1991 New York State Angler survey was conducted under grants from the National Oceanic 
and Atmospheric Administration, Office of Sea Grant, U.S. Department of Commerce under 
Grant #NA90AA-D-SG078 to the New York Sea Grant Institute.   This research underwent 
Cornell University reviews before submission to the grant agency and also underwent review by 
the Department of Commerce. 
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The 1997 Exposure Factors Handbook (EPA 1997) was reviewed internally by Agency 
scientists, made publicly available and then submitted for external review by EPA’s Science 
Advisory Board.  In addition, the Office of Water Methodology for Deriving Ambient Water 
Quality Criteria (EPA 2000) was submitted for public review and appropriate regulatory review.  
The 1991 Standard Default Exposure Factors for Superfund (EPA 1991) was also reviewed 
within the Agency (J. Dinan, EPA, personal communication with M. Olsen, 4/13/2011).     
 

c.   Ingestion Rate for Fish Among Consuming Anglers 
 
The fish ingestion rates used in this analysis were obtained from the individual reports described 
above.  Figure 2 provides an array of mean and high-end ingestion rates from each study, where 
available.  For one study, Connelly et al. (1992), the value shown as a mean in the figure is 
actually the 50th percentile.  “High-end” ingestion rates are (1) 95th percentiles, in cases where 
the number could be estimated or was provided, (2) other high percentiles, where the 95th 
percentile could not be calculated, or (3) a maximum value, as in the case of the limited data 
provided in the Ray et al. (2007b) survey. 
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Figure 2.  Fish Ingestion Rates for Specific Surveys 

 
 
Based on the low response rate from the Ray et al. survey (2007b), the rate reported in Figure 2 
represents the maximum reported ingestion rate. Ray et al. (2007b) stated that 2 of the 7 anglers 
consumed more than 20 g/day, with a maximum rate of 28 g/day. An average ingestion rate or 
other statistics (e.g., specific percentiles) for the 7 consumers could not be determined from the 
summary of data provided in the paper.  
 
The Burger (2002) study in the Newark Bay Complex of New Jersey presents percentile 
distributions of consumption patterns (in Figure 2 of the paper).  For people who only fished, 
approximately 7 percent of all respondents and 11.7 percent of “consumers only” ate more than 
4,200 g/month. Thus, the high-end fish ingestion rate for fish consumers is estimated to be 4,200 
g/month or 56.6 g/day, assuming fish are consumed 4.92 months of the year, per Table 2 of the 
paper. For fish consumers, this high-end value falls at approximately the 88th percentile; specific 
percentiles above this (e.g., the 90th or 95th percentiles) would be somewhere above 56.6 g/day, 
but cannot be estimated from the graph with certainty since the specific maximum fish ingestion 
rate is not shown (all three distributions shown in the figure have an upper bound of 40,000 
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g/month).  The mean fish ingestion rate is 22 g/day, based on data provided in Table 2 of the 
paper (mean yearly consumption of self-caught fish is 8,120 g). 
 
The May and Burger (1996) study in New Jersey’s Arthur Kill, Raritan Bay, and the New Jersey 
shore, and the Burger et al. (1998) study in New Jersey’s Barnegat Bay, present the mean 
number of times fish were eaten per month and mean serving sizes, each with their standard 
errors. The means were multiplied to estimate the mean fish ingestion rates for each area. Some 
individuals in these studies reported not eating the fish. It is not known whether the non-
consumers were included in the presented summary statistics. Some respondents reported 
freezing fish to eat during the winter. Mean fish ingestion rates from these studies ranged from 
42 to 52 g/day, assuming fish consumption 12 months/year. Upper percentile statistics for fish 
ingestion could not be estimated with accuracy from the data presented in the papers (i.e., 
without information about the shapes of the distributions or the degree of independence). 
 
The 1993 New Jersey Household Fish Consumption Study involved interviews with a random 
probability sample of 1,000 New Jersey residents 18 years of age and older and was conducted 
between October 26 and November 20, 1993 (CPIP and NJMSC 1993). There were 225 anglers 
among those interviewed, 168 of whom reported eating fish in the past 7 days. These individuals 
ate an average of 4.81 pounds/year (or 6 g/day) of fish recreationally caught in New Jersey. 
Upper percentile statistics could not be calculated from the data presented. The data are based on 
extrapolation from a one-week period in the fall and the study notes that consumption of 
recreationally caught fish may vary significantly according to both seasonal and annual 
preferences and availability. While upper-percentile data are not available, the analysis indicates 
that the average consumption rate of 6 g/day for anglers consuming New Jersey recreationally 
caught fish is comparable to the 50th percentile from the New York statewide survey of 4 g/day 
(Connelly et al. 1992). 
 
The Human Health Risk Assessment for the Hudson River (TAMS 2000, Table 3-1) summarized 
fish ingestion rate percentile values for the 1991 New York angler survey (Connelly et al. 1992), 
a statewide mail survey that included over 1,000 New York anglers who caught and consumed 
fish in 1991. The 50th percentile fish ingestion rate was 4.0 g/day and the 90th percentile was 31.9 
g/day. This survey was also conducted to determine anglers’ awareness and knowledge of fish 
advisories. About 85% of anglers were aware of fish consumption advisories, and almost half 
reported that they would eat more sport-caught fish if there were no problems with contaminants. 
 
In the 1997 Exposure Factors Handbook, EPA’s recommended mean and 95th percentile fish 
ingestion rates for recreational freshwater anglers are 8 g/day and 26 g/day (EPA 1997 and 
associated errata sheet). These are based on mailed questionnaire surveys of licensed fishermen 
in Michigan, Maine, and New York (Ebert et al. 1993; West et al. 1989, 1993; Connelly et al. 
1992) and based on a survey involving mailed questionnaires, a diary study, and periodic 
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telephone interviews (Connelly et al. 1996) near Lake Ontario in New York. Similar to the 
Lower Passaic River, the fish ingestion rates from these studies reflect a situation in which fish 
consumption is advised against for certain water bodies and species and for certain human 
groups (Connelly et al. 1996). 
 
A closer examination of the Exposure Factors Handbook (EFH) revealed that the recommended 
mean and 95th percentile for the Lake Ontario study (Connelly et al., 1996) included some non-
consumers and discussions with the EFH author confirmed this finding.  A recalculation 
performed for this technical memo resulted in mean and upper percentile values for consuming 
recreational freshwater anglers of 10.5 g/day and 29.1 g/day, derived by averaging the 
consumers-only values from the three populations surveyed in the studies. 
 

• Maine (Ebert et al. 1993) data used in the defaults included non-consumers, but 
consumer-only percentiles for this survey are shown in Table 10-64 of the EFH. The 95th 
percentile fish ingestion rate for consuming anglers is 26 g/day. 
 

• Lake Ontario, New York (Connelly et al. 1996) data used in the defaults included 16 
percent of anglers who ate no sport caught fish. When non-consumers are excluded from 
the distribution, the 95th percentile fish ingestion rate for consumers is 22.3 g/day. Over 
95% of the participants were aware of the New York State fish consumption advisories, 
and 32% indicated that they would eat more fish if there were no advisories. 
 

• Michigan data (West et al. 1989, 1993) used in the defaults included consumers only. The 
96th percentile fish ingestion rate for consumers is 39 g/day. 
 

EPA’s Office of Water identified 17.5 g/day as the average consumption among sport fishers 
based on averages in the studies reviewed. An upper percentile value for sport fishers is not 
provided. EPA’s Office of Water also recommends a default of 142.4 g/day for subsistence 
fishers, which falls within the range of averages for this group (EPA 2000). 
 
Thus, as presented in Figure 2, the average fish ingestion rates from the surveys examined range 
from 4 to 142 g/day, and the available high-end estimates of fish ingestion range from 
approximately 22 to 57 g/day.  
 
Several factors were considered in the identification of the appropriate fish ingestion rate for use 
in the LPRSA baseline human health risk assessment: watershed in which the survey was 
conducted, diversity of survey methods, and consistency with local surveys from which high-end 
values were not available. Of the surveys identified, only the 1997 EFH (EPA 1997), Burger 
(2002) and Connelly et al. (1992) contain enough information to calculate statistical distributions 
for the ingestion rates.  Only the Burger (2002) and Connelly et al. (1992) (as analyzed and 
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applied in the externally peer-reviewed Human Health Risk Assessment for the Hudson River in 
TAMS 2000) included data from the New York/New Jersey Harbor Estuary, which encompasses 
the tidal portion of the Lower Passaic River.  Therefore, the fish ingestion rate for the Lower 
Passaic River RME adult angler (44 g/d) is calculated by averaging the high end estimates from 
Burger (2002) (57 g/d) and Connelly et al. (1992) (32 g/d).  For the CTE value, the average of 
the mean of 22 g/day from Burger (2002) and the 50th percentile value of 4 g/day from Connelly 
et al. (1992) is used (CTE = 13 g/d). 
 
From Figure 2, a comparisons of mean fish ingestion rates from other coastal areas of New 
Jersey (NJ Arthur Kill at 51 g/d, NJ Raritan Bay at 44 g/d and NJ Barnegat Bay at 52 g/d) 
indicate that the estimated mean rates in these NJ coastal areas tend to be higher than those found 
in surveys from other geographic areas (i.e., Maine at 6 g/d, Michigan at 15 g/d and NJ-wide at 6 
g/d).  While the data presented in the other NJ surveys do not provide the information necessary 
to calculate high end fish ingestion estimates, those surveys present means that indicate that NJ 
coastal fish ingestion rates tend to be higher than those from other parts of the country.  
Therefore, we conclude that the fish ingestion rate of 44 grams/day does not overestimate the 
ingestion rate for the Lower Passaic River. 
 

d.  Crab Ingestion Rate Among Consuming Anglers 
 
Two studies provided data on crab consumption (Burger 2002; Burger et al. 1998) and consistent 
with the recommendations in RAGS Part A (EPA 1989), a crab consumption rate was calculated 
at the 90th percentile since the 95th percentile was not available. In Burger (2002), for people who 
only crabbed, approximately 4 percent of all respondents (6.3 percent of “consumers only”) ate 
more than 4,200 g/month. Similarly, about 15 percent of all respondents (23 percent of 
“consumers only”) ate more than 1,400 g/month. Excluding the non-consumers, the 90th 
percentile crab ingestion rate for crab consumers is estimated to be 3,590 g/month, or 32 g/day 
(assuming crabs are consumed 3.3 months of the year, per Table 2 of the paper). The mean crab 
ingestion rate is 16 g/day, based on data provided in Table 2 of the Burger (2002) paper 
(assuming that 5,760 g/year is consumed during 3.3 months of the year). This mean crab 
ingestion rate is consistent with the mean value of 16.6 g/day from Barnegat Bay (Burger et al. 
1998).  Burger et al. 1998 did not report enough information to support statistical calculations of 
high end ingestion rates.  Other studies in this area reported crab consumption but an ingestion 
rate could not be calculated based on the information presented (Burger et al. 1999 and Kirk-
Pflugh et al. 1999).  
 

3.0 Consistency with Region 2 Decisions 

 
Figure 3 provides a comparison of the fish ingestion rates used in EPA Region 2 decisions since 
1991 (see Appendix A for the list of Superfund Sites for which the decisions were made).  As 
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noted in the Figure (in red), several decisions included consideration of fish ingestion rates by 
Native American Nations found in Massena, New York that were based on a site-specific survey 
of this population conducted by the New York State Department of Health in 1995 (NYSDOH 
1995).  This survey yielded an ingestion rate of 142 grams/day at the 90th percentile, which 
represents a subsistence fishing level.  No evidence of subsistence fishing has been observed in 
the LPRSA.  Averaging the other ingestion rates, in the absence of the ingestion rates for the 
Massena sites, yields an RME ingestion rate of 27.4 grams/day.  The RME fish ingestion rate 
identified for the LPRSA (44 g/day) is higher than the average but within the range of ingestion 
rates used in EPA Region 2 decisions since 1991.   
 
Figure 3.  Summary of Region 2 Fish Ingestion Rates Since 1991. 

 
 

4.0 Fraction Ingested 

 
The CPG recommended applying a Fraction Ingested (FI) rate of < 1 for the Lower Passaic River 
Study Area.  RAGS – Part A includes a term Fraction Ingested that is defined as “Fraction 
ingested from contaminated source (unitless)” (EPA 1989, p. 6-46).  The guidance in the 
document does not specifically address application of this factor for fish consumption, but rather, 
on page 6-47, describes the application of this factor to adjust for ingestion rates for vegetables 
or other produce or ingestion of meat, eggs, and dairy products.  The evaluation of various risk 
assessments conducted within Region 2 indicates the assessments were consistent with the 
overall directives on fish ingestion recommendations provided on page 6-43 that states 
“Residents near major commercial or recreational fisheries or shell fisheries are likely to ingest 
larger quantities of locally caught fish and shellfish than inland residents.”  Further, the fish 
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ingestion rate focuses only on the contaminated source; a fraction ingested term would apply 
only if other sources of fish were included. 
 
Consistent with the recommendations in RAGS Part A (EPA 1989), use of an FI less than one is 
not appropriate, because of the following: 

 
• The Lower Passaic River has adequate quantity and quality of fish and crabs to support 

the estimated level of ingestion of fish and crabs for the RME individual, both currently 
(as found in the fish community survey conducted by the CPG in 2010 [Windward 
2011]) and in the future;  
 

• The Lower Passaic River is in a densely populated urban area, with access to the river for 
fishing and crabbing through parks, boat docks, publicly-accessible parking lots abutting 
the river and residences on the river banks.  Therefore,  

 
o Anglers have ample opportunities to return to areas where they have successfully 

caught fish or crab, especially adolescents or lower income families, who have  
limited means of transportation;  

o Workers have the opportunity to fish and/or crab during the work day or on their 
way to and from work; 

o There are so many municipalities along the Lower Passaic River that there is the 
potential that individuals may move within the 17-mile study area, and yet 
continue to fish and crab, and consume fish/crabs from the Lower Passaic River. 

 
• Many municipalities and counties along the Lower Passaic River have published master 

plans that call for the expansion and improvement of parks and open space along the 
Lower Passaic River that, if implemented, will make the area more amenable to fishing 
and crabbing (City of Newark 2010, City of Newark et al. 2004, Clarke et al. 2004, 
Clarke et al. 1999, Heyer et al. 2003, Heyer et al. 2002, Borough of Rutherford et al. 
2007).  As noted in EPA’s Land Use in the CERCLA Remedy Selection Process (EPA 
1995), comprehensive community master plans are a valuable source of information in 
determining reasonably anticipated future use for future risk scenarios.   

 
Based on the various lines of evidence, a FI of 1 will be applied in the LPRSA human health risk 
assessment.   
 

5.0  Conclusion 

 
As shown in the discussion above, the RME fish ingestion rate of 44 grams per day and CTE fish 
ingestion rate of 13 g/day, as well as an RME crab ingestion rate of 32 grams per day and CTE 
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crab ingestion rate of 16 grams per day, are justified for use in the LPRSA human health risk 
assessment, because of the following reasons. 

 

• The fish ingestion rate is based on the only two published surveys conducted in the New 
York/New Jersey Harbor estuary with enough information to calculate statistical 
distributions of ingestion rates.  Those surveys use different sampling methods (i.e., 
intercept and licensed angler survey), yet result in comparable consumption rates.  They 
also represent large angling populations from coastal New York and New Jersey 
watersheds. 
 

• The fish ingestion rate is consistent with rates calculated from other surveys conducted 
within EPA Region 2 and nationally.   
 

• The fish ingestion rate is consistent with rates used in various EPA decisions within 
Region 2 at sites with sediment contamination where fish ingestion was considered. 
 

• The fish rate is consistent with ingestion rates at other large river bodies in Region 2 
where more areas may be accessible for angling, which is anticipated under the future 
improvements to parks and open space along the Lower Passaic River. 
 

• The crab ingestion rate is based on the only published survey conducted in the New 
York/New Jersey Harbor estuary with enough information to calculate statistical 
distributions of crab ingestion rates.  The mean crab ingestion rate is consistent with the 
mean rate reported in another published survey conducted in the watershed that did not 
provide enough information to calculate high end ingestion rates. 
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Appendix A 

List of Superfund Sites and Associated Waterbody 

Used in Evaluation of Fish Ingestion Rates 

 
 

Year of 
Record of 
Decision 

Site Name EPA ID Number Waterbody 

1990 King of Prussia NJD980505341 Great Egg Harbor River 

1990 General Motors 
(Central Foundry 
Division) 
GM Massena 

NYD091972554 St. Lawrence and Raquette Rivers 

1993 Reynolds Metal 
Company 

NYD002245967 St. Lawrence River 

1994 Fried Industries NJD041828906 Raritan River 

1995 Alcoa (Removal 
Action) 

NYD980506232 Grasse River 

2000 Horseshoe Road NJD980663678 Raritan River 

2001 Crown Vantage NJN000204492 Delaware River 

2002 Hudson River PCBs NJ980763841 Hudson River 

2002 Liberty Industrial NYD000337295 Massapequa Creek and Ponds 

2002 Brookhaven National 
Laboratory 

NJD00337295 Peconic River 

2005 Li Tungsten NYD986882660 Glen Cove Creek 

2005 Welsbach & General 
Gas Mantle (Camden 
Radiation) 

NJD986620995 Newton Creek and Delaware River 

2008 Mercury Refining NYD00048148175 Unnamed Tributary  and Patroon 
Creek and I-90 Pond 

2010 Onondaga Lake NYD986913580 Onondaga Lake 
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1.0   Introduction 

On July 11, 2011, USEPA Region 2 (Region 2) issued comments on the Lower Passaic River Study 
Area (LPRSA) Cooperating Parties Group’s (CPG) Revised Risk Analysis and Risk Characterization 
(RARC) Plan submitted to the Agency on February 10, 2011.  The comments were followed by a 
Technical Memorandum prepared by Region 2 entitled, “Fish and Crab Consumption Rates for the 
LPRSA Human Health Risk Assessment” dated July 21, 2011.  The July 21 Technical Memorandum 
was replaced by an updated version dated July 25, 2011, which included previously omitted 
information.  On July 25, 2011, the CPG invoked dispute resolution pursuant to the Administrative 
Order on Consent (AOC), because of significant concerns regarding the comments and directives 
contained in Region 2’s July 11, 2011 comments and the July 25 Technical Memorandum.   

This Position Paper identifies nine specific issues that comprise the basis of CPG’s dispute with 
Region 2’s July 2011 comments pertaining to the human health risk assessment (HHRA).  These nine 
issues were identified in AECOM’s August 2, 2011 summary of the primary HHRA dispute resolution 
issues.  For each issue, the basis of the dispute is presented, followed by a discussion of CPG’s 
alternative position.  The issues addressed in this Position Paper are as follows: 

1. Directive to evaluate only one set of exposure assumptions representing a hypothetical future 
scenario  

2. Stipulated language, as well as re-wording or deletion of approved Problem Formulation 
Document (PFD) language, that inaccurately portrays current conditions and land uses 

3. Stipulated language regarding the impact of future land use changes on future exposures 

4. Fish and crab consumption rates and the fraction ingested (FI) assumption of 1 

5. Retraction of earlier agreement with CPG to discuss cooking loss options 

6. Approach for evaluating exposure to sediment by residents 

7. Deletion of references to pathogenic contamination 

8. Directive to remove all statements attributing EPA as the source of directed exposure 
scenarios and parameter assumptions as well as language that provided the technical basis 
for alternative positions 

9. Deletion of statements supporting consideration of site-specific data 

For purposes of focusing the dispute resolution, the nine HHRA issues have been identified as 
Technical or Policy issues.  Technical issues relate to the conduct of the baseline risk assessment 
and have potentially significant implications for risk calculations and outcomes.  Policy issues relate to 
matters of principle or strategy, but do not necessarily have a direct bearing on the outcome of risk 
calculations.  Issues 1 through 6 are identified as technical issues, while issues 7, 8 and 9 are 
identified as policy issues.    
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2.0   Discussion of HHRA Dispute Resolution Issues 

Issue #1 - Directive to evaluate only one set of exposure assumptions 
representing a hypothetical future scenario (Comments 100, 102, 105, 
130) 

Basis of Dispute 

The goal of a human health risk assessment performed in support of CERCLA remedial investigations 
is to assist in the evaluation of the need for measures to reduce or eliminate exposures to hazardous 
substances at a given site in order to protect public health.  This is accomplished by considering the 
range of activities and conditions at a given site that could result in exposure, and their implications for 
human health. The National Contingency Plan (NCP) requires, and USEPA guidance (USEPA, 1989) 
directs, that the human health risk assessment process present a description of exposures as they are 
occurring under current conditions at the site, with consideration of an individual or group reasonably 
expected to experience the highest levels of repeated exposure over an extended duration (e.g., 30 
years). In addition to evaluating current conditions, the analysis is also to consider conditions at the 
site, such as human activities and land use that would be expected to change in the future, and 
describe how those changes would influence estimates of current exposures. 

Region 2’s July 11, 2011 directives do not allow the LPRSA HHRA to include a description and 
analysis of exposures in the LPRSA (the Site) that are reflective of current conditions. The Region 2 
directives limit analysis to a hypothetical future condition.  Additionally, Region 2 is requiring the 
application of assumptions that are not a reasonable reflection of activities at the Site.  Incorporation 
of Region 2’s directives results in an incomplete and unreasonable depiction of the risks to human 
health associated with conditions at the Site.  Region 2’s directed exposure scenarios and associated 
assumptions for the baseline HHRA reflect a hypothetical restored river when institutional controls 
have been removed, parks and open spaces improved and expanded, public access increased, and 
aesthetic improvements made.  This hypothetical future scenario represents only part of the Risk 
Assessment Conceptual Site Model (CSM), in that current conditions and exposures are not 
considered.  Region 2’s approach is not consistent with the NCP, USEPA’s Directive regarding the 
role of the baseline risk assessment (USEPA 1991) in Superfund remedy decision-making, and Risk 
Assessment Guidance for Superfund (RAGS) (USEPA 1989).   

As stated in USEPA’s Office of Solid Waste and Emergency Response (OSWER) 1991 Directive, 
Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions: 

The 1990 National Contingency Plan (NCP) (55 Federal Register 8665-8865 (March 8, 1990)) 
calls for a site-specific baseline risk assessment to be conducted, as appropriate, as part of 
the remedial investigation (Section 300.430(d)(1)).  Specifically, the NCP states that the 
baseline risk assessment should "characterize the current and potential threats to human 
health and the environment that may be posed by contaminants migrating to groundwater or 
surface water, releasing to air, leaching through soil, remaining in the soil, and 
bioaccumulating in the food chain" (Section 300.430(d)(4)).  The primary purpose of the 
baseline risk assessment is to provide risk managers with an understanding of the actual and 
potential risks to human health and the environment posed by the site and any uncertainties 
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associated with the assessment. This information may be useful in determining whether a 
current or potential threat to human health or the environment exists that warrants remedial 
action. [p. 2]  

USEPA’s risk assessment guidance (RAGS; USEPA 1989) states that risk management decisions at 
Superfund sites should be based on consideration of current and future conditions: 

“Current exposure estimates are used to determine whether a threat exists based on existing 
exposure conditions at the site.  Future exposure estimates are used to provide decision-
makers with an understanding of potential future exposures and threats and include a 
qualitative estimate of the likelihood of such exposures occurring.”  [p. 1-6] 

“Actions at Superfund sites should be based on an estimate of the reasonable maximum 
exposure (RME) expected to occur under both current and future land use conditions.” [p. 6-4] 

In its July 11, 2011 comments (Comment 100), Region 2 is directing CPG to replace RARC language 
that attributes this incomplete approach to Region 2 directive (below in italics) with language stating 
that it is “in accordance with USEPA guidance” and cite RAGS (USEPA 1989).  

“As stated in USEPA’s September 10, 2010 comments, the scenarios and exposure 
parameter assumptions are intended to capture exposures under a future site condition, when 
parks and open spaces have been improved and expanded or developed at sites currently 
under other uses.”  

Region 2’s revised language is not accurate and misconstrues the intent of RAGS, as well as the 
NCP, in that “current threats to human health” will not be fully or accurately represented.   

Region 2’s prescriptive selection of assumptions that reflect a hypothetical future site condition and its 
directive to limit the baseline HHRA to only those assumptions will result in an inaccurate and 
incomplete risk assessment outcome.  As an example, the prescribed exposure frequencies for 
activities with the potential for direct contact with surface water and sediment (e.g., swimming, wading, 
boating, fishing, crabbing) are based on the assumption that local plans for future waterfront 
redevelopment and revitalization will result in greater usage and more access locations.  As stated in 
Comment 105, “While the general usage types of the river may remain the same in the future, the 
usage frequency and number of access locations should increase over time based on these plans.  
This increased usage is taken into account in the exposure parameters discussed in Section 3.3.5.”  
[Note: the section reference should be 3.3.4; Section 3.3.5 addresses Exposure Point 
Concentrations.]  As reflected in this comment, the prescribed exposure parameters are not 
representative of current conditions, but rather future conditions after proposed park improvements 
are implemented.  Consequently, the approach prescribed by Region 2 will result in an inaccurate 
overestimate of current baseline risk at the LPRSA. 

Region 2 has also directed the use of language that is internally inconsistent and results in 
unnecessary confusion.  Comment 130 stipulates the following language be used in the discussion of 
Sediment and Surface Water Exposure Frequencies, “The exposure frequencies for the angler, 
swimmer, wader and boater reflect both current conditions on the river, as well as future conditions 
after shoreline improvements laid out in the municipal master plans are carried out” (emphasis 
added).  It is not possible for one set of exposure frequencies to reflect both current and potential 
future conditions when they are acknowledged to not be the same.  Such an approach is confusing 
and misleading.  It is more logical, accurate and straightforward to acknowledge that the stipulated 
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exposure frequencies are based on anticipated future site conditions, and as such, their use in 
assessing exposures associated with current conditions will result in an overestimate of current 
baseline risk.  However, Region 2 has directed that language acknowledging this overestimation be 
struck from the RARC Plan (Comment 102).  Many of Region 2’s directives, such as the stipulated 
language above and the deletion of text noting that the future-use only approach will lead to 
overestimates of current exposure, do not result in the “more balanced discussion” that Region 2 
asserts (Comment 2); rather, it will lead to an overly conservative and unrealistic estimate of current 
risks.  Further, Region 2 has not presented a reasoned analysis of the site-specific circumstances that 
justify use of its prescribed approach that is inconsistent with guidance. 

Alternative Position 

CPG recommends an alternative position consistent with the NCP and USEPA guidance, which will 
result in a more complete and accurate baseline human health risk assessment (HHRA), and support 
the development, evaluation, and selection of appropriate response alternatives.  CPG recommends 
that the exposure scenarios and assumptions include a set of assumptions that reflect current 
conditions, in addition to assumptions used to reflect potential future conditions.  To streamline this 
approach, the “current use” evaluation could be targeted at only the scenarios and pathways where 
there is clearly a difference between current and foreseeable future site conditions, such as the 
recreational scenarios involving contact with sediment and surface water.  For scenarios that are not 
likely to change in the future, the assumptions can be designated for use in evaluating 
“Current/Future” scenarios.  This approach will provide risk managers with a more complete 
understanding of “current and potential threats to human health,” and allow for more informed 
remedial decision-making.  Given the complexity of the LPRSA and the potential cost implications for 
site remediation, it is critical that decision-makers, as well as the public, have a complete and 
transparent assessment of the full range of potential site risks. 

Issue #2 - Stipulated language, as well as re-wording or deletion of approved 
Problem Formulation Document language, that inaccurately portrays 
current conditions and land uses (Comments 4, 11, 83, 84, 86, 87, 89, 92) 

Basis of Dispute 

There are a number of instances where language stipulated by Region 2 changes or deletes, 
language taken directly from the approved Problem Formulation Document (PFD) (Windward/AECOM 
2009).   Further, much of this change results in an inaccurate portrayal of current conditions and land 
uses along the river.  For example, in Comments 83, 86, and 87, Region 2 has revised language from 
the approved PFD to state that land use transitions to commercial, residential and recreational near 
RM 4.  This is not an accurate depiction of current land use along the lower stretches of the LPRSA.  
Based on the CPG’s 2010 habitat survey and NJDEP’s 2007 land use mapping, adjacent land use is 
currently industrial/commercial and infrastructure (e.g., rail), with some open /green space up to ~RM 
6-7.  One multi-family development located on the east side at ~RM 5.3 is separated from the river by 
fencing, bulkhead and rip-rapped shoreline.   

Region 2 has deleted language from the approved PFD that describes the limited access to the river 
from much of the shoreline in RM 6-10.  This is a key feature of the western shoreline in the middle 
river segment that should be acknowledged in the RARC plan.  Region 2’s stipulated language 
regarding recreational uses of the river does not acknowledge conditions that limit direct access to or 
contact with the river, such as bulkheads, vertical drops to water, rail/infrastructure, highway, and 
fencing.  These current conditions, which are present along the lower 7 miles and much of the western 
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riverbank, significantly limit the potential for direct contact with sediments and surface water in these 
areas.  Region 2 has also stipulated language that conveys greater recreational usage of the river 
than is currently occurring; such usage is not supported with specific examples or evidence.  In 
Comment 11, Region 2 has directed inclusion of the following language, the river “is now increasingly 
used for recreational activities such as boating, fishing and crabbing as parks and boat ramps are 
actively being restored or newly established.”   To state that the LPRSA is increasingly used for 
crabbing is not supported by a 2000-01 creel/angler survey of the river, which intercepted seven 
consuming anglers and no consumers of LPRSA crab.  During that year-long survey, only five anglers 
reported catching crab; four reported not keeping the crabs and one reported using them for bait (Ray 
et al. 2007b).  In addition, NJDEP has issued warnings advising crabbers not to harvest or consume 
blue claw crab from the Newark Bay Complex, including the LPRSA.  Similarly, Region 2’s assertion 
that the LPRSA is increasingly used for recreational boating (other than sculling/rowing) also has not 
been supported.   While some interest in improving current boat launches has been expressed, 
pleasure boating continues to be limited due to numerous bridges, many with low clearance, and 
limited public boat ramps, with some in disrepair.   

In the revised NCP rulemaking (55 Federal Register, March 8, 1990), USEPA clarified their policy 
regarding the exposure assessment process, and specifically that “exposure assumptions should 
result in an overall exposure estimate that is conservative but within a realistic range of exposures.”  
USEPA goes on to clarify the definition of “reasonable maximum such that only potential exposures 
that are likely to occur will be included in the assessment of exposures” (55 Federal Register 8709-
8711, March 8, 1990). CPG does not believe that the exposure assessment process followed by 
Region 2, including the identification of realistic exposures and assumptions under current site 
conditions, is consistent with the intent of the NCP. 

Alternative Position 

CPG recommends an alternative position that will result in a more accurate and complete 
characterization of current conditions at the LPRSA in the primary risk planning document.  CPG 
recommends that language from the approved PFD describing current conditions be re-instated in the 
RARC Plan, since it still provides an accurate depiction of the study area.  Unless Region 2 can 
support its statements, such as the increased crabbing and boating activity on the river, and transition 
to residential land uses at RM 4, CPG also recommends that language describing current adjoining 
land uses and recreational uses of the river be revised to accurately reflect current actual conditions.  
Any language describing potential future land use and conditions along the LPR should be supported 
by specific examples or references, as discussed below. 

Issue #3 - Stipulated language regarding the impact of potential future land 
use changes on future exposures (Comments 4, 13, 77, 81, 88, 91, 94, 
104, 105, 128) 

Basis of Dispute 

Region 2 has stipulated language that is speculative and, in some cases, misleading regarding the 
potential impact of future potential land use changes on future exposures.  For example, Region 2’s 
stipulated revisions to the “Swimmer” receptor include the following speculative statements:  “the 
expansion and improvement of parks along the river will lead to higher exposure in the future” 
(Comment 105) and “future conditions are expected to provide greater access to and be more 
conducive to swimming” (Comments 104 and 128).  These statements do not take into account 
important factors that impact the likelihood of swimming, including access, riverbank type, adjoining 
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land and waterway use, as well as ongoing pathogenic contamination and debris; these factors that 
will not be addressed by park restoration.   

None of the municipal plans cited by Region 2 discuss improvements related to swimming areas, 
beaches, or related bathing amenities.   Based on a review of available plans cited by Region 2, as 
well as others that are publically available, none discuss plans for enhancing beach or swimming 
facilities along the river.  The primary objective of the redevelopment plans in relation to the LPRSA is 
to improve or increase walkway, bikeway, boat launch, and green space, as well as aesthetics, for the 
benefit of local residents.  Some waterfront redevelopment plans (e.g., Newark and Harrison) call for 
amenities such as marinas, floating boat docks, water taxis, esplanade and plaza space, as well as 
commercial, retail, and mixed use properties.   It would be more accurate to state that a number of 
municipal plans developed by communities along the LPRSA call for redevelopment and restoration of 
green space and park land along the river which, provided they come to fruition, may lead to 
increased recreational opportunities, such as walking or biking next to the river, and boating.  
Attachment A summarizes available planning documents and statements relating to redevelopment 
and restoration along the LPRSA. 

Region 2 has directed that, at the end of this statement, ”The LPRSA is a large and complex sediment 
site, and current site conditions reflect its long industrial history and urban setting” the following phrase 
be added, “in the future, most of the river is increasingly expected to be used for recreational 
activities” (Comment 77).  This addition is vague and speculative, and does not provide the necessary 
context to characterize potential exposures associated with different types of recreational activities 
that could occur in the future.  As previously noted, physical constraints in parts of the LPRSA, many 
of which are not expected to change in the foreseeable future, impact the types of recreational 
activities that could occur.  These constraints, including lack of public access, steep, bulkheaded 
and/or rip-rapped riverbanks, adjacent industrial and urbanized land and waterway uses, as well as 
ongoing pathogenic contamination and debris, preclude or significantly limit the likelihood that 
recreational activities with a high potential for water contact, such as swimming and wading, will occur 
regularly in parts of the LPRSA.  Similarly, new language stating that “greater access to the river and 
improved ecological habitat” (Comments 13, 91, 94) will be an outcome of future waterfront 
redevelopment needs proper context.  For the redeveloped recreational and mixed use space planned 
along parts of the lower six miles, hardened shorelines are expected to remain, largely precluding any 
direct contact with sediment or surface water.  Descriptive information and context that allows for 
accurate characterization of the types and locations of potential future exposures is lacking in the text 
provided by Region 2. Region 2 has also not provided adequate justification for the future use 
scenarios and site conditions.  As part of the process of characterizing potentially exposed 
populations, RAGS (USEPA 1989) states:  

“Determine if any activities associated with a current land use are likely to be different under 
an alternate future land use.” [p. 6-6] and,  

“Support the selection of any alternate land use with a logical, reasonable argument in the 
exposure assessment chapter of the risk assessment report.  Also include a qualitative 
statement of the likelihood of the future land use occurring.” [p. 6-6]   

Region 2’s language does not include any discussion of the likelihood of or timeframe for 
implementation of various redevelopment and restoration activities identified in the municipal 
redevelopment plans cited in several comments (13, 81, 91, 94, 105).  Given that the directed 
exposure scenarios and assumptions are based on potential future conditions, these factors should be 
considered in the exposure assessment section of the RARC Plan, as recommended by guidance.  
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For example, projected timeframes and funding status (i.e., which plans are currently funded and 
restoration activities are underway, and which are contingent upon funding that is not yet 
appropriated) should be addressed to provide perspective on the likelihood of the restoration activities 
occurring.   

Region 2 has also deleted a statement that provides for the opportunity to amend exposure 
assumptions in the RARC Plan, with approval from USEPA, pending identification of additional 
exposure information in the future.  CPG believes it is appropriate to retain this flexibility in the RARC 
Plan; it is consistent with risk assessment planning guidance and the concept of a "living" CSM that 
was put forth in the approved PFD.  

Alternative Position 

CPG recommends that discussion of future site conditions and scenarios explicitly consider specific 
initiatives and waterfront features included in local redevelopment and restoration plans, including the 
likelihood, funding status, and timeframe for implementation.  This characterization should be 
performed for each of the three segments of the river, since different municipalities abut the river in 
each segment.  The documentation provided in Attachment A provides a foundation for this analysis. 
The outcome of this analysis should be discussed in a new section of the exposure assessment of the 
RARC Plan dedicated to “characterization of future site conditions.”  CPG believes that this type of 
logical, reasoned discussion would eliminate the need for speculative language and promote more 
accurate characterization of the types of exposure scenarios that can be anticipated in the 
foreseeable future throughout the LPRSA.  CPG also recommends that the statement allowing for 
future amendment of assumptions pending identification of new exposure information in the future be 
retained. 

Issue #4 - Fish and crab consumption rates and assumption of FI of 1 
(Comments 110b, 110d, 111, 113, 114 and Technical Memorandum Fish 
and Crab Consumption Rates for the LPRSA Human Health Risk 
Assessment, EPA, July 25, 2011) 

Basis of Dispute 

Region 2’s July 11, 2011 comments and July 25 Technical Memorandum provide new fish and crab 
consumption rates and fraction ingested (FI) value for use in the baseline HHRA for the LPRSA.  The 
stipulated ingestion rates and FI value of 1 are not supported by Region 2’s Technical Memorandum 
and are not reasonable surrogates for the LPRSA baseline HHRA.  Several statements in the 
Technical Memorandum are inaccurate or incomplete, and the “weight of evidence” process used by 
Region 2 to evaluate the studies cited is neither objective nor sound.   The criteria used by Region 2 to 
evaluate its selected studies and sources were deficient, in that key factors relevant for evaluating the 
adequacy of studies for the primary objective (i.e., to develop long-term fish and crab consumption 
rates for use in HHRA), were not addressed or even considered.  

The EPA-CPG Term Sheet documenting the December 16, 2010 EPA-CPG meeting on HHRA issues 
shows agreement that Region 2 would apply a consistent and balanced set of criteria to the studies 
under consideration, including the Burger and Tierra studies.  Region 2’s July 25 Technical 
Memorandum does not adequately address this agreement.  Region 2’s Technical Memorandum 
does not provide a thorough and consistent analysis of each of the studies cited using clear and 
balanced review criteria, including their quality, suitability for deriving long-term consumption rates, 
and relevance to and representation of site-specific conditions.  While published studies of other water 
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bodies or populations may be appropriate sources of surrogate consumption rates, it is critical that 
they be carefully evaluated to determine whether they are well-designed for the intended purpose and 
sufficiently representative and relevant for estimating site-specific consumption patterns.   In making 
this determination, factors such as study design, hypotheses being tested, number of individuals 
interviewed within the survey, rates of consumption, and populations studied should be considered 
(USEPA 2004).  Region 2’s analysis was also received five months later than promised in Region 2’s 
February 10, 2011 response to the Term Sheet.  This delay, coupled with Region 2’s simultaneous 
submission of directive comments on the revised RARC Plan, has resulted in the loss of an 
opportunity for meaningful dialogue between Region 2 and CPG on this important topic in advance of 
the comment process.   

A number of studies have been compiled and considered for their relevance and appropriateness as 
the basis for consumption estimates for the LPRSA.  Region 2’s Technical Memorandum does not, 
however, discuss the quality of the data generated by the studies or their applicability to the LPRSA 
and the purpose at hand.  This is an important issue because study results can be substantially 
impacted by the ways in which the studies are conducted and the purposes for which they are 
designed.  Thus, while some of the studies discussed by Region 2 may have been well-designed for 
the purposes for which they were intended, this does not necessarily mean that they were well-
designed for the purpose of estimating long-term consumption rates for individuals who fish or crab in 
the LPRSA.   In fact, USEPA’s Exposure Factors Handbook guidance (USEPA 1997) clearly states 
that “the type of survey used, its design and any weighting factors used in estimating consumption 
should be considered when interpreting survey data for exposure assessment purposes” [p. 10-1].  
Region’s 2 Technical Memorandum does not adequately consider these issues in the analysis of the 
studies included. 

The Burger (2002) survey, which was selected by Region 2 as one of two surveys to provide the basis 
for developing the fish consumption rate and the sole basis of the crab consumption rate, was not 
designed to serve as a definitive study of fish and crab consumption rates1 .  The primary focus of the 
study was to collect information about sociological reasons for angling and general patterns of fishing 
behavior and consumption.  As such, key pieces of information needed for accurate risk assessment 
were not collected.  For example, information regarding species, parts consumed, preparation or 
cooking practices, and sharing was not collected.  In addition, anglers were intercepted once during 
the warm weather period and asked to recall the number of self-caught fish or crab meals per month 
they consume, portion size, and the number of months of the year they go fishing or crabbing (Burger 
2002).  Based on the responses obtained during this one intercept, the data were summarized and 
averages of monthly consumption of fish and crab meals and number of months per year of fishing 
and crabbing were calculated.  The accuracy and reliability of one-time recall data for estimating long-
term consumption rates is known to be uncertain (USEPA 1997), yet, this uncertainty is not 
recognized by Region 2.  Further, recall survey methods tend to bias consumption rates high, 
especially for more avid anglers and longer recall periods (USEPA 1998; Connelly and Brown 1995; 
Chu et al. 1992; Fisher et al. 1991).  The description of the survey method and spatiotemporal 
sampling frame is also not sufficient to assess its statistical rigor.  Based on the limited description of 
the survey methodology provided, it appears that the sampling plan was not based on valid probability 
sampling, which attempts to survey an accurate representation of the larger population, but rather 

                                                      

1   It should be noted that Burger (2002) is not discussed at all in the detailed analysis of fish consumption studies 
presented in USEPA’s draft 2009 version of the EFH (USEPA, 2009a). 
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convenience sampling, which includes individuals who are most readily accessed to fill out the survey 
but cannot be generalized to the larger population. 

In addition, Region 2’s fish consumption rates are based only on the limited summary information that 
is provided in the published paper. In April, 2010, the CPG submitted a request to Dr. Burger for any 
supporting data from her 1999 angler survey of the Newark Bay Complex, including but not limited to 
actual study data, survey work plan, survey form, specific locations on the Passaic River that were 
surveyed, completed individual surveys, as well as any other backup information or summary report 
that was generated.  On August 20, 2010, Dr. Burger noted that her survey did not specifically sample 
the Passaic River area, as she was mainly interested in Newark Bay itself (Burger 2010).  Dr. Burger 
stated that she usually does not keep materials from studies done so long ago, and that it was unlikely 
that original forms would be available, although she indicated that she would check.  She noted that at 
the time of the survey, no one showed any interest in the original data, and it is standard procedure to 
keep data only for 3-5 years after a study is completed (Burger 2010).  Thus, the only available 
information upon which Region 2 could base its fish consumption estimates are very limited summary 
statistics and bar graphs for the entire population surveyed and unverified assumptions about how 
those data should be applied in estimating long-term consumption rates. 

Region 2 also selected the 1991 New York Angler Survey (Connelly et al. 1992) as the other source of 
consumption rates for the LPRSA.  This study was used by Region 2 for the development of fish 
consumption rates for the Hudson River baseline HHRA.  There are a number of concerns with using 
the Connelly et al. (1992) dataset as the basis of consumption rates for the LPRSA, including the 
representativeness to the LPRSA of the data for the target population and the water bodies fished.  
This study was a mail survey of licensed New York state anglers conducted by Nancy Connelly and 
colleagues from Cornell University.  This study focused on angling and consumption behavior as it 
related to fish consumption advisories.  Using the study results, Region 2 estimated consumption 
rates using a "standard" assumed meal size rather than actual harvest or meal size data.  There are 
other issues (including recall bias) associated with the Connelly et al. (1992) data, not least of which is 
Region 2’s statement that it is representative of the New York-New Jersey Harbor anglers (New York 
state is quite different from the NY-NJ harbor area and the LPRSA, as indicated by a comparison of 
the different demographics of these two target populations).    

In the July 25 Technical Memorandum, Region 2 also dismissed the one source of site-specific data 
on fish and crab consumption in the Lower Passaic River (Tierra’s 2000-01 Creel Angler Survey 
(CAS) of RM 1-7 of the LPRSA).  Region 2’s reasons for dismissing this year-long survey are not 
justified.  The first reason given, lack of Region 2’s approval of the work plan, is not justified given that 
neither of the two studies used by Region 2 to derive the new RME fish consumption rate of 44 g/day 
followed a Region 2-approved work plan.   Moreover, Region 2’s rationale that the Burger (2002) and 
Connelly et al. (1992) studies were reviewed by their respective funding sources does not provide any 
increased confidence that the study was well designed for the purpose for which Region 2 is using it 
or that its results are of a higher quality than the Tierra CAS.  It also does not provide any indication 
that those data are relevant and appropriate for deriving consumption rates for use in the LPRSA 
baseline HHRA.     

The second reason given, that the number of consuming anglers intercepted was too small for 
meaningful statistics, is not sound.  First, it does not reflect the large amount of effort expended over a 
full year to capture LPR anglers.  Second, it shows a lack of understanding regarding a probability 
sample, which is statistically designed to capture a sample of the target population, and through use of 
sampling weights, calculate consumption statistics for the full target population.  As discussed in Ray 
et al. (2007b), once the sampling weights have been properly calculated and applied, the size of the 



AECOM  Environment 

 
 September 2011 

10

consuming angler population in RM 1-7 is estimated to be 34, not 7.  The Tierra CAS underwent peer 
review that included thorough vetting of the survey design and data analysis methods (Finley et al. 
2003). To address Region 2’s stated concerns and any questions regarding the Tierra CAS, CPG has 
offered to meet with Region 2 to discuss the design and data analysis methods; however, this offer 
has been declined.  The results of this survey remain the best source of currently available data for 
estimating site-specific consumption rates for anglers using the LPRSA.  Using the data analysis 
methodology described in Ray et al. (2007a,b), and in accordance with USEPA guidance (1997, 
1998), valid and defensible consumption rates can be derived from the survey data.   For the 
population of consuming anglers, the calculated upper bound and mean fish consumption rates are 17 
g/day and 4.7 g/day, respectively.   These rates, and not the maximum of 28 g/day cited by Region 2, 
should be used in the comparison with consumer-only rates taken from the other surveys presented in 
Region 2’s Technical Memorandum. 

Region 2’s statement that assuming a fraction ingested (FI) of 1 is consistent with recommendations 
in guidance is not accurate.  RAGS guidance (USEPA 1989; Exhibit 6-17) clearly states that the 
decision to use a FI of less than 1 for the fish ingestion exposure pathway should take into account 
local angler usage patterns and water body characteristics.  It is not appropriate to base an FI of 1 
simply on a species’ presence in a water body (e.g., blue crab), if other factors limit angling activity.  
While crabs are present in the LPRSA, crabbing is an infrequent occurrence.  Tierra’s 2000-01 CAS 
intercepted only five people who reported catching crabs.  Of those five, four reported not keeping 
them.  The fifth reported not keeping crabs on one trip, using them as bait on another trip, and did not 
specify their disposition for the third trip.  These results contrast with Burger’s 1999 survey of Newark 
Bay Complex, including the Arthur Kill, where 110 crab consumers were reportedly intercepted over a 
four-month period (Burger 2002).  Given that both water bodies have the same crab advisory (Do Not 
Catch, Do Not Eat), it is reasonable to conclude that the disparity in level of crabbing activity between 
the two water bodies is due to differences in site setting and water body characteristics that make the 
LPRSA a less desirable crabbing destination.  It is appropriate and consistent with guidance to use a 
FI value less than 1 to account for this disparity in crabbing activity at the LPRSA.   

A detailed critique of Region 2’s Technical Memorandum is provided in Attachment B, which clarifies 
inaccuracies and flaws in Region 2’s statements and analysis. 

Alternative Position 

CPG recommends that the fish and crab ingestion rates be based on a site-specific CAS to be 
conducted for the entire LPRSA2.   In the interim, CPG recommends a range of consumption rates be 
evaluated for both fish and crab, such as the following: 

 17.5 g/day → fish/shellfish consumption rate used by USEPA and NJDEP to derive water 
quality criteria protective of the general public, as well as the average sport angler (USEPA 
2000).  The 17.5 g/day rate is based on per capita intake of freshwater and estuarine finfish 
and shellfish by the general population and represents the 90th percentile of the 1994-96 
USDA CSFII Survey (Continuing Survey of Food Intakes by Individuals).  As it is considered a 
national default intake rate, it would fall under the "fourth preference" in the hierarchy of 
options presented in Region 2’s July 25 Technical Memorandum, which is taken from 

                                                      

2 CPG recommends that survey data which will be generated in 2011-12 from a new CAS of the entire 17.4 mile 
study area be used in developing new study area-wide consumption rates for use in the baseline HHRA.   
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USEPA’s Methodology for Deriving Ambient Water Quality Criteria for the Protection of 
Human Health (USEPA 2000). 

 7.5 g/day → “One meal per month” consumption rate used at other sediment sites to provide 
risk information to the public and decision-makers on potential risks associated with 
consumption of various types of recreationally caught fish/crabs.  This type of approach has 
been used in other sediment site HHRAs where remediation is expected to take decades 
before advisories can be relaxed to provide a range of risk information for consideration in 
remedial decision-making (e.g., Lower Duwamish Waterway). 

These rates provide reasonable policy alternatives to deriving rates based on studies that are not 
relevant or appropriate for estimating long-term consumption of fish and crabs from the LPRSA, and 
can be used for the RME and CTE scenarios.  As a point of comparison, they are similar to the site-
specific upper bound and mean fish consumption rates of 17 g/day and 4.7 g/day, respectively, for 
consuming anglers based on Tierra’s 2000-01 CAS.    

CPG also recommends that a FI value less than 1 be used for both the fish and crab ingestion 
scenarios.  For the RME crabber, a FI value of 0.5 is recommended.  This is considered very 
conservative, based on the documented minimal usage of the Study Area by anglers for crabbing.  A 
FI value of 0.5 assumes that half of the crab consumed comes from outside of the LPRSA.  This 
approach is supported by precedent at several other large sediment sites, including the Aberjona 
River and Sudbury River in Massachusetts, the Kalamazoo River in Michigan, and the West Branch of 
the Grand Calumet River in Indiana.  At each of these sites, a FI value of 0.5 was used for the RME 
recreational angler fish consumption scenario, based on the fact that other desirable fishing locations 
were located within close proximity to the sites.  A FI value of 0.25 is recommended for the CTE 
scenario, which is one-half of the RME FI value. The use of a CTE value that is one-half of the RME 
value is consistent with Region 2’s approach for a number of other exposure parameters.   

The use of a FI value less than 1 should be considered for the fish ingestion scenarios pending the 
results of the Study Area-wide CAS.  Given the close proximity of several other desirable fishable 
water bodies in the immediate proximity of the LPRSA, it is likely that recreational anglers who fish at 
the LPRSA obtain a sizable portion of their catch outside of the Study Area.  The CAS questionnaire 
has been designed to collect specific data on the amount of angling that occurs outside of the Study 
Area. 

Issue #5 - Retraction of earlier agreement to discuss cooking loss options with 
CPG (Comments 112, 114, 115, 135) 

Basis of Dispute 

Region 2 has deleted language previously offered in its September 10, 2010 comments on the draft 
RARC Plan that allowed for discussions on cooking loss factors:  CPG questions why Region 2 has 
retracted its offer to discuss cooking loss factors that was provided in the November 5, 2010 
comments (Comment No. 48): “While the RME values specified are directive, EPA is willing to discuss 
the CTE values.”  The rationale for this change in position is not justified, and deprives CPG of an 
opportunity for meaningful technical exchange with Region 2 on this topic.     

Alternative Position 

The CPG would like to engage Region 2 on this topic as originally planned. 



AECOM  Environment 

 
 September 2011 

12

Issue #6 - Approach for evaluating exposure to sediment by residents 
(Comments 109, 118, 131) 

Basis of Dispute 

Region 2 has stipulated an approach for evaluating a resident’s exposure to river sediment that is 
unrealistic: “For the resident receptor’s exposure to sediment, the USEPA default exposure frequency 
for residential soil is used, because surface soil in some yards adjacent to the river may consist of 
sediment deposited by flooding of the Passaic River, particularly for the homes that abut the east bank 
of the river above RM 10 (but also elsewhere along the river)“ (Comment 131).  Region 2’s justification 
for the assumption that residents are exposed to river sediment on a year-round basis at a rate 
consistent with residential backyard soil and indoor dust is implausible and will significantly 
overestimate potential sediment risk to residents.   

River sediments that may be present in backyards due to past flooding could comprise only a fraction 
of the native soil in residents’ backyards.  Some accounting for mixing needs to be made to avoid 
overestimating the sediment-derived exposure concentration.  To further assume that river sediment 
is contacted every day of the year at equivalent indoor and outdoor concentrations is flawed.  Physical 
factors, such as climate or weather conditions that would preclude or significantly limit sediment 
contact (i.e., ice, cold temperatures) are not acknowledged, which is inconsistent with RAGS (USEPA 
1989).   The technical concerns were documented in CPG’s February 10, 2011 Position Paper that 
accompanied the Revised RARC Plan submittal to Region 2.  Region 2’s comments and revised text 
do not address CPG’s concerns. 

In addition, the stipulated revisions delete important points relating to CPG’s concerns about the 
directed approach, which is that the applicability of residential soil ingestion rates and a fraction 
ingested value of 1 is overly conservative, and does not take into account mixing that occurs between 
the river sediments and the native soil in the yard. 

Alternative Position 

CPG recommends that the concentrations of sediment-related constituents of potential concern 
(COPCs) in residential backyards be estimated by taking into account dilution from mixing with the 
native soil.  This could be accomplished through site-specific modeling or a simple dilution factor that 
accounts for the fraction of river sediment likely present in the yard.  Region 2’s residential exposure 
scenario could still be used to provide a highly conservative assessment of this potential exposure 
pathway, including Region 2’s unrealistic assumption that the resident’s exposure to backyard soil 
occurs year-round via incidental ingestion of outdoor soil and indoor dust of outdoor soil origin.  The 
CPG’s alternative position of adjusting the exposure point concentrations to be more representative of 
river sediment in yards allows for a measure of realism to be incorporated into what is otherwise a 
purely hypothetical scenario.   

Issue #7 - Deletion of references to pathogenic contamination (Comments 3, 
90, 104, 128, 150) 

Basis of Dispute 

Region 2 has deleted text regarding pathogenic contamination from the discussion of swimming in the 
exposure assessment and from the discussion of background risk characterization in the uncertainty 
section.  In the discussion of factors that limit swimming at the LPRSA, references to the presence of 
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pathogenic contamination, and the urban setting of the river, including lack of public beaches, have 
been deleted.  Region 2 has added text describing the State of New Jersey’s surface water 
classifications, including that swimming is a designated use of the freshwater portion of the river (RM 
8-17.4) where the water has a classification of freshwater 2 non-trout and saline-estuarine 2 (FW2-
NT/SE2) (Comments 81 and 104).  Waters with a classification of primary contact recreation include 
uses such as swimming and other activities that potentially involve total body immersion and/or 
incidental water exposure.  To provide balance and necessary context, there should also be 
acknowledgement that this stretch of the river frequently does not achieve the bacterial standard 
designated as safe for swimming.  Based on a preliminary evaluation of publically available monitoring 
data for RM 8-17.4, there have been numerous occasions when the bacterial water quality standards 
for swimming have not been met (see Attachment C).  It is misleading to state that swimming is a 
designated use when the river frequently does not achieve the state bacterial standard considered 
safe for swimming.    

Region 2’s rationale for deleting references to pathogenic contamination is that “individuals visiting the 
river will not know what levels of pathogens are present when deciding when or how long they will 
wade or swim.”  While it is likely that individuals visiting the LPRSA may not know specific levels of 
pathogens in the water, they are likely aware of the high potential for pathogenic contamination, due 
to the urbanized nature of the water way and visible combined sewer overflows (CSOs).  Further, the 
swimming and wading exposure frequencies directed by Region 2, particularly for adolescents, are 
too high to be realistic for even a reasonable maximum exposure at a compromised water body, such 
as the LPRSA.  Water quality, including pathogenic contamination, is an important baseline condition 
that should be acknowledged in the exposure assessment, as it factors into individuals’ recreational 
site choice decisions.  Region 2’s deletions of all references to pathogenic contamination remove 
relevant context and result in an incomplete depiction of the site setting. 

Region 2 has also deleted reference to pathogens and non-HSL chemicals from CSOs and 
stormwater overflows (SWOs) from the discussion of background risks associated with other sources 
in the study area, and states “there are no data to support such an analysis” (Comment 150).  
However, data are available to provide a qualitative, if not quantitative, understanding of background 
risks associated with these other stressors.  In fact, the presence of significant pathogen risks in the 
LPRSA has been documented in past studies (Donovan et al. 2008a,b).  Considerable pathogen data 
for LPRSA surface water exist, including samples collected between 2003 and 2009 at three to six 
locations in the LPRSA and analyzed for bacterial indicators, including fecal coliforms and enterococci 
(see Attachment C).  As part of the CPG’s Low Resolution Coring program, several sediment samples 
were also analyzed for pathogens.  In addition to conducting risk assessments for recreational 
exposure to pathogens, USEPA has also developed draft guidance for conducting microbial risk 
assessments (USEPA 2009b).  Thus, the methods and data are available to conduct a risk analysis of 
pathogens, which are a key component of background risks in the LPRSA under both current and 
foreseeable future site conditions. 

Region 2 has also deleted the following statement that CPG was previously directed to add (Comment 
No. 58 of Region 2’s September 10, 2010 comments), ”It should be noted that regulation of pathogens 
from CSOs and SWOs is outside of the Superfund program; these risks are addressed by separate 
legislative mandates, such as the Clean Water Act” (Comment 150).  It is inconsistent for Region 2 to 
establish a non-CERCLA objective of "fishable/swimmable" and then deny CPG the opportunity to 
characterize and calculate risks due to pathogens, which are the primary risk driver for swimmers, 
based on the rationale that pathogens are not a CERCLA contaminant.   
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Alternative Position 

As CPG has previously commented to Region 2, microbial risks are a well-documented component of 
background risks for river users, and should be considered within the broader context of risk-based 
remedial decision-making at the LPRSA.   CPG recommends that relevant language regarding 
pathogen contamination as a deterrent to swimming and other recreational activities be reinstated in 
the RARC Plan.  In addition, CPG recommends that the uncertainty analysis include an assessment 
of pathogen risks using available data and accepted risk assessment methods.   

Issue #8- Directive to remove all statements attributing EPA as source of 
directed exposure scenarios and parameter assumptions as well as 
language that provided the technical basis for alternative positions 
(Comments 7, 78, 95, 99, and several specific comments) 

Basis of Dispute 

Region 2 is directing CPG to remove all statements related to Region 2 directing the exposure 
scenarios and exposure assumption values for CPG to use in the baseline HHRA.  As an example, 
Comment 99 directs that the following text be deleted as it provides “unnecessary explanation.” 

“The values to be used for each of the RME and CTE exposure parameters are those that 
USEPA Region 2 directed CPG to use, were issued as directives on November 5, 2010, and 
are representative of USEPA default values. These values are presented in this Revised 
RARC Plan.”   

CPG disputes this directive and Region 2’s statement that such language is unnecessary explanation.  
There is no basis for removing all statements attributing Region 2 with directing the exposure 
scenarios and exposure parameter values for CPG to use in the baseline HHRA.  It is understood that 
Region 2 and CPG may not agree on all methods and assumptions to be used in the baseline HHRA.  
However, it is important and appropriate that key areas of dissent be acknowledged in this public 
document to provide transparency and proper attribution, precisely because they represent areas of 
uncertainty of which risk managers should be apprised for decision-making purposes.   

Further, some of the text deleted describes the basis of CPG-derived alternative positions.   As such, 
it provides risk managers with the context needed to evaluate the Region 2 directive values amongst 
the technical alternatives, and should be retained in this risk planning document.  It should be clear to 
the reader that the RME and CTE exposure parameter values presented in the document are those 
that USEPA Region 2 has directed CPG to use.  On issues where there is a range of possible values, 
the alternative points of view and their potential implications should be clearly stated in the main body 
of the document and not discussed solely in the uncertainty section of the risk analysis.  There is 
precedent for attributing specific approaches and assumptions to “EPA request/direction” in risk 
assessment documents prepared by potentially responsible parties within and outside of Region 2 
(e.g., Alcoa 2002). 

Alternative Position 

CPG recommends that language be reinstated that attributes Region 2 with directing the exposure 
scenarios and assumptions to be evaluated in the baseline HHRA.  Specifically, CPG recommends 
inclusion of language in the initial discussion of receptor-specific exposure parameters in Section 
3.3.4, which provides important context and background to the reader.  CPG proposes that, at a 
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minimum, the following statement from the second paragraph of Section 3.3.4 be retained, with the 
following minor rephrasing: 

“The values to be used for each of the RME and CTE exposure parameters are those that 
USEPA Region 2 has directed CPG to use.”   

CPG also recommends that the RARC Plan clearly identify key areas where a range of values is 
plausible, present alternative positions that are technically justified, and discuss the relative 
conservatism of the selected value or approach.  This will ensure that the risk assessment process is 
transparent and is consistent with principles articulated by the National Academy of Sciences and 
adopted by USEPA in its risk assessment framework for decision-making (USEPA 1984). 

Issue #9 - Deletion of statements supporting consideration of site-specific data 
(Comments 78, 110a) 

Basis of Dispute 

There are several instances where Region 2’s stipulated revisions result in deletion of important text 
regarding guidance support for the use of site-specific data in risk-based decision-making.  In addition, 
Region 2 has added language citing RAGS as the basis for a default assumption or approach.  CPG 
does not agree with these changes, as they result in the loss of a valuable concept regarding the 
importance of and guidance support for site-specific data and approaches. 

For example, Region 2 has deleted a statement that was previously revised based on Region 2’s 
earlier comments on the draft RARC Plan.  Region 2’s September 10, 2010 comment directed that the 
word “may” be replaced by “will” in the following statement, “While use of some default or surrogate 
assumptions may be necessary in the remedial decision-making process, USEPA guidance 
documents stress the importance of using data that represent the characteristics of the local 
populations(s) and site when possible and appropriate (USEPA 1989a,b, 1991a, 1997b, 1998a, 
2000a)”  (Comment 78).  CPG made this change, and now Region 2 is directing that this statement be 
replaced entirely with new language that does not provide the same background or context:  
“However, USEPA guidance (USEPA 1991a) also allows the use of default values developed by 
USEPA when there is a lack of site-specific data or consensus on which parameter value to choose, 
given a range of possibilities.”  

Under the fish and crab consumption exposure parameters (Section 3.3.4.7), Region 2 has deleted 
the following statement, “USEPA’s guidance recognizes the importance of site specificity and states 
that many of the exposure factors are best quantified on a site- or situation-specific basis (USEPA 
1989a, b, 1997b, 1998a, 2000c)” (Comment 110a).  The concept of site-specificity is especially 
important for fish/crab consumption because of the variability in local populations and fishing and 
consumption practices (USEPA 1997, 2000).   

In the revised NCP rulemaking, USEPA clarifies that baseline risk assessments should be site-specific 
(55 Federal Register 8711, March 8, 1990): 

“The decision to perform site-specific risk assessments is consistent with CERCLA section 
104(i)(6), which requires the ATSDR to perform health assessments for facilities on the 
proposed and final NPL…, and should be “based on such site-specific factors as nature and 
extent of contamination and the existence of potential pathways of human exposure.”   
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Alternative Position 

Region 2’s stipulated deletions result in the loss of acknowledgement of the NCP rulemaking and 
USEPA guidance supporting consideration of site-specific information in the baseline risk assessment 
process.  This is an important concept that should be reflected in the CPG’s primary risk assessment 
planning document.  CPG recommends that text containing references to basic tenets of USEPA’s 
guidance promoting use of site-specific data in the risk assessment process be reinstated in the 
RARC Plan document to provide the necessary context and background for selected positions.  CPG 
also recommends that inappropriate references to RAGS as the basis for default assumptions or 
approaches be removed from the document. 
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Municipality Planning Document 
Relevant Statements Regarding 

Redevelopment and/or Restoration along the LPRSA Page(s) 

City of 
Newark 

City of Newark, 2010. The 
riverfront that Newark wants, 
progress report. 2009-2010. 
Presentation June 2010, City of 
Newark, NJ. 59 pp. 

“In the spring of 2009, the City of Newark partnered with the Trust for Public 
Land and the County of Essex to begin design on Newark’s first true 
riverfront park.” 

Page 30 

“The plan includes a walkway/bikeway, lawns for relaxing, a boardwalk, and 
a floating boat dock.” 

Page 32 

“It emphasizes environmental education with features like this overlook and 
osprey rook. The first piece will begin construction in 2010.” 

Page 33 

“The most recent official land use action designated a “Special Waterfront 
Zone”, but did not make any specific rules for building there.” 

Page 36 

“We treated the riverfront in four pieces to address the unique conditions and 
opportunities of each. For each stretch, we tried to understand the needs 
and opportunities of upland neighborhoods as well as those of the river’s 
edge. To catalyze public discussion, we boiled down the decisions faced by 
the City into 24 basic questions. 
North Ward: 

1. New Parks 
2. Land Use 
3. Public Access 

Lower Broadway 
4. New Parks 
5. Land Use (North) 
6. Land Use (South) 
7. Density 
8. Public Access 

Page 38, 45 
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City of 
Newark 

City of Newark, 2010. The 
riverfront that Newark wants, 
progress report. 2009-2010. 
Presentation June 2010, City of 
Newark, NJ. 59 pp. (con’d) 

Downtown 
9. New Parks (North) 
10. Land Use (North) 
11. Density (North) 
12. Public Access (North) 
13. New Parks (South) 
14. Land Use (South) 
15. Density (South) 
16. Public Access (South) 
17. Vehicular Access (South) 

Page 38, 45 
(con’d) 

Ironbound 
18. New Parks (West) 
19. Land Use (West) 
20. Density (West) 
21. Public Access (West) 
22. New Parks (East) 
23. Land Use (East) 
24. Density (East)” 

“After discussion and study, we prepared a draft vision for the riverfront, 
beginning with what people cared about most: a system of trails to provide 
access to and along the water’s edge.” 

Page 49 

“Lower Broadway Land Use Recommendations: Preserve and encourage 
job-intensive light industrial uses; allow residential development between 
McCarter and riverfront with accompanying open space.”  

Page 51 

“Downtown Riverfront Access & Open Space Recommendations: Signature 
8.5 acre open space; continuous riverfront walkway; create or improve 7 
access points from upland.” 

Page 54-56 
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City of 
Newark 

City of Newark, Philips Preiss 
Shapiro, Schoor DePalma. 
2004. Land use element of the 
master plan for the City of 
Newark. Prepared for the 
Central Planning Board, City of 
Newark. Adopted December 6, 
2004. City of Newark Dept. of 
Economic and Housing 
Development.  
[Also appears in 2010 Master 
Plan.] 

“The City is also embarking on its first major public open space project in 
many years. From Bridge Street to Brill Street, a Passaic Riverfront walkway 
of varying lengths is being developed. The Joseph G. Minish Restoration 
and Historic Area project, which is located on the Passaic River waterfront 
adjacent to the downtown, is designed to create more open space along the 
Riverfront which is accessible to the downtown and to residents and 
employees from the Ironbound neighborhood. The riverfront walkway and 
Minish Park will also help to build connections between the offices in the 
downtown and entertainment uses such as the New Jersey Performing Arts 
Center to Newark's residential areas as well as providing a scenic backdrop 
to the expected future development of offices, hotels and housing on the 
Passaic River waterfront. As part of this project, the Essex County 
Improvement Authority is developing park space between Mott Street and 
Brill Street which will include active recreational uses, such as baseball 
fields, soccer fields, an in-line hockey rink, and tennis courts.” 

Page 96 

City of 
Newark 

City of Newark, Philips Preiss 
Shapiro, Schoor DePalma. 
2004. Land use element of the 
master plan for the City of 
Newark. Prepared for the 
Central Planning Board, City of 
Newark. Adopted December 6, 
2004. City of Newark Dept. of 
Economic and Housing 
Development (con’d) 
[Also appears in 2010 Master 
Plan.] 

“Review of the Riverfront Revitalization Study (1999): 
 The plan covers the development of a new waterfront park and 

greenway stretching from the Rte 1&9 bridge to the northern City line. 
 The plan is broad in scope and contains recommendations for the new 

waterfront park and greenway; commercial and residential development 
on waterfront sites; transportation and roadway upgrades and access; 
and design standards for the park and new development. 

The plan sets forth a number of design principles: 
 The creation of a “grand” amenity along the waterfront, comparable to 

the Battery Park City esplanade. 
 The creation of a plan for water-based activities, including recreational 

boating. 
 Extending the street grid to the waterfront wherever possible, to 

maximize vehicular and pedestrian access. 
 Building on the NJPAC and plaza by extending the plaza and arts uses 

down to the water. 
 The plan targets a “key development area” consisting of the vacant 

property between Penn Station, the Legal Center, and the NJPAC. This 
area is also referred to in the plan at the “key development site”.  Under 
the Newark Land Use Plan in Chapter 5, the portion of this area 
between McCarter Highway, Raymond Blvd, and the water is 
designated S-W for Waterfront uses….  

 The plan also recognizes the need and desirability of providing open 
space and green areas within the waterfront area.” 

Pages 110-111 
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“[Assumptions, Goals and Policies Underlying the Future Land Use Plan] 
Section 5.1.8 – Waterfront 
 To revitalize Newark’s waterfront from the Belleville border to the 

Ironbound by capitalizing upon opportunities to create true mixed-use 
environments with an emphasis on waterfront related uses and open 
space, public access and waterfront views, and an emphasis on 
recreation and entertainment.  

 To include and encourage water-based activities on the Passaic River 
waterfront, including recreational boating. 

 To encourage an extension of public rights of way along Newark’s street 
grid pattern to the waterfront wherever possible, to maximize vehicular 
and pedestrian access, and to protect view corridors along these rights 
of way. 

 To build on the NJPAC and plaza by extending the plaza and arts uses 
down to the water.” 

Page 152 

City of 
Newark 

City of Newark, Philips Preiss 
Shapiro, Schoor DePalma. 
2004. Land use element of the 
master plan for the City of 
Newark. Prepared for the 
Central Planning Board, City of 
Newark. Adopted December 6, 
2004. City of Newark Dept. of 
Economic and Housing 
Development (con’d) 
[Also appears in 2010 Master 
Plan.] 

Section 5.6.5 S-W: Waterfront Use 
“This designation is applied to that portion of the Passaic River waterfront 
that the City intends to redevelop as a mixed-use environment—residential, 
retail, entertainment and open space and recreation uses and office uses—
with a particular emphasis and orientation to waterfront activities, i.e., 
marinas, boating, walkways along the waterfront, outdoor cafes, etc. Design 
principles articulated in the Passaic Riverfront Redevelopment Plan should 
be incorporated into the zoning designation for this area which in addition to 
encouraging mixed uses and a waterfront orientation and public access, 
should call for a protection of view corridors, setbacks from the waterfront to 
provide waterfront esplanades with public access, active ground-floor uses 
at the water’s edge, pedestrian connections to residential neighborhoods 
behind the waterfront, and a uniform set of design standards for public  
improvements, including such items as lighting, paving, landscaping, street 
furniture, signage, colors, materials and style. The area to be designated S-
W not only include the area in the Passaic Riverfront Redevelopment Plan 
Study, i.e., the area of riverfront between Minish Park and Newark Bears 
and Eagles Riverfront Stadium, but all of the riverfront between the Passaic 
River and McCarter Highway stretching from the Belleville border in the 
north all the way to Penn Station in the downtown and then between the 
Passaic River and Raymond Boulevard from Penn Station into the North 
Ironbound neighborhood.”

Pages 190-191 
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 “As the market for waterfront development becomes established adjacent to 
the downtown and in the Passaic Riverfront Redevelopment area, it is hoped 
that such uses would spread northward and replace the older industrial and 
other uses along the waterfront.” 
Section 5.6.6 S-P Parks and Open Space 
“The City also endorses the development of a greenway system – a series of 
linear pedestrian and bikeway connections which link areas of parks and 
open space in Newark – that was articulated in the NEDLUTP Study, in the 
future. A list of the parks in Newark so designated is included in the 
Appendix.” 
 

Pages 190-191 

“The Waterfront Redevelopment Area plan designates the waterfront border 
from Harrison Avenue to Frank E. Rodgers Boulevard for Public 
Access/Open Space Improvements….The entire Passaic River waterfront on 
the Newark side opposite Harrison is designated S-W Waterfront uses.” 

Page 222 

City of 
Newark 

Clarke Caton Hintz, 
Ehrenkrantz Eckstut & Kuhn. 
2004. Passaic riverfront 
redevelopment plan, Newark, 
NJ. Presentation 1/22/04 to City 
of Newark. 

Requested from EPA. 

 

City of 
Newark 

Clarke Caton Hintz, 
Ehrenkrantz Eckstut & Kuhn. 
1999. Passaic riverfront 
revitalization, Newark, NJ. City 
of Newark 12/15/99. Clarke 
Caton Hintz, Trenton, NJ 

Requested from EPA. 

 

Harrison, NJ Heyer Gruel. 2003. Harrison 
Waterfront redevelopment plan, 
New Brunswick, NJ. Heyer, 
Gruel & Associates, Red Bank, 
NJ. 80 pp. 

“The Redevelopment Area is located within a mile of the NJPAC Riverfront 
stadium, and the downtown core of the City of Newark.” 
“The Redevelopment Area is approximately 250 acres in area (32 percent of 
the Town’s 1.2 square mile area) and is located on the Passaic River in the 
southern portion of the Town. It is located in the most industrial portion of the 
Town.” 

Page 8 

“The residents of Harrison will benefit from the redevelopment of the Area in 
numerous ways…greater access to improved public open space such as the 
waterfront parkway and the planned public park and plazas…” 

Page 11 
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Harrison, NJ Heyer Gruel. 2003. Harrison 
Waterfront redevelopment plan, 
New Brunswick, NJ. Heyer, 
Gruel & Associates, Red Bank, 
NJ. 80 pp. 

“The Plan provides for waterfront amenities, namely a waterfront walkway 
and park, that will give the Town a valuable resource that is currently sorely 
neglected in the existing framework of the Area.” 

Page 12, 24 

“The specific goals of the plan are… to acknowledge the significance of the 
Passaic River waterfront area, to incorporate public access to the River in 
the Plan and to locate appropriate uses along the River which will capitalize 
on the views and other attributes that the River affords.” 

Page 23 

“The Passaic River waterfront walkway is planned as a companion to the 
USACE flood control project. Rather than cordon the public off from the 
waterfront through construction of the floodwall, the Town decided to 
capitalize on the project by incorporating a public waterfront walkway and 
park component into the flood control plan…The walkway is envisioned to be 
a place of public recreation, relaxation and gathering throughout the day and 
evening…The walkway will extend from the Interstate 280 Stickel Bridge 
south to the Jackson St bridge and will terminate just east of the Jackson St 
bridge.” 

Page 26 

[Parks/walkway district, purpose] “To provide an area of open space and a 
continuous walkway for public access parallel to the water’s edge for active 
and passive recreation, which will allow the public to benefit from the scenic 
view of the Passaic River. 

Page 39 

Kearny, NJ Heyer Gruel. 2002. Town of 
Kearny master plan 
reexamination report. Heyer, 
Gruel & Associates, Red Bank, 
NJ. 

Requested from EPA. 

 

Borough of 
Rutherford, 
NJ 

Borough of Rutherford, CMX. 
2007. Master plan. Adopted 
December 20, 2007. 

(In the year 2025…) “Waterfront access has been improved and waterfront 
activities are now commonplace on the banks of the Passaic River.” 

Page 5 

“Expand active recreational opportunities in the Borough through the 
creation of new park facilities either at existing Borough parks, park/school 
sites or through the creation of new parks and facilities.” (Note: this is a 
general statement and not specific to the waterfront.) 
 
“Provide better access to the Meadowlands area and to waterfront properties 
generally.” 

Pages 8, 31 
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“…there are only 8 acres of vacant land remaining in Rutherford outside of 
the Meadowlands, leaving minimal if any opportunity for preserving 
additional open space or creating new recreational land. In a mature town 
such as Rutherford, the concept of open space sometimes needs to be 
redefined. The vision of large green spaces, although desirable, is not 
always practical…The Borough’s efforts to create a linear park/trail along the 
Erie rail bed is an example of an innovative approach to expanding open 
space and recreation opportunities and is supported by this plan.” 
“Rutherford has access to two very unique open space and recreation 
opportunities – the Passaic River and the Meadowlands. These assets 
should also be considered important elements of the Borough’s recreation 
inventory.” 

Page 34 

“Improve accessibility, aesthetic and recreational opportunities in the area 
surrounding the Passaic River through restoration and redevelopment 
programs.” 

Page 36 

“The Bergen County 2004 Open Space and Recreation Plan identifies the 
Passaic River Corridor as an “open space acquisition and preservation 
opportunity.” Specifically, the County ORSP calls for the “addition of 
appropriate lands adjacent to or abutting existing state, county, or municipal 
parklands that further expand or enhance riverside conservation, 
preservation and recreation opportunities.” 

Page 37 

Borough of 
Rutherford, 
NJ 

Borough of Rutherford, CMX. 
2007. Master plan. Adopted 
December 20, 2007 (con’d) 

“The Rutherford OSRP is consistent with the County OSRP in that it also 
recommends the creation of passive recreation opportunities along the river 
corridor, and further recommends the preservation of the floodway and 
floodplain of the Passaic River and its tributaries… The remainder of the 
riverfront is almost entirely developed with just a few scattered vacant 
parcels. As recommended earlier under the “new open space” heading, 
properties, especially those abutting existing open space, that are impacted 
by natural or other disasters, abandoned, or exhibit severe deterioration, 
should be evaluated for possible acquisition…Public access to the river 
should also be enhanced by ensuring through the Borough’s development 
ordinances that any future large scale development and redevelopment 
along the river provide reasonable access to the river in concert with 
applicable NJDEP requirements for waterfront development.” 
 
 
 
 
 

Page 37 
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Planning documents that are not referenced by EPA Region 2 in July 11, 2011 revisions to RARC Plan. 

City of 
Garfield 

Bergen County, City of Garfield. 
Garfield Historic Park. 10 
pages. Available online at:  
http://www.passaicriver.org/ima
ges/PRC%20LANDS%20BOO
K/Bergen%20County.pdf 
 

“ The Garfield Historic Park property is vacant urban land. Our goal is to 
assist the municipalities of the lower Passaic River Basin reconnect with the 
river and create a vibrant and natural waterfront park. The PRC property 
connects with Garfield City parkland on the Passaic River’s floodplain below 
Dundee Dam. The city is planning a two-tiered park along the stretch of the 
Passaic River from the Outwater Bridge to the land above the Dundee Dam. 
The city specifically requested the PRC 
to purchase this land so that we would be a part of the planning process. E. 
Timothy Marshall, our recommended landscape architect, is designing this 
park, which will be a major attraction in this urban community. The lower 
bank contains petroglyphs and weirs for catching fish built by the  
Lenni-Lenape Indians hundreds of years ago.” 

Page 1 

Township of 
Lyndhurst 

Bergen County, Township of 
Lyndhurst. Lyndhurst 
Greenway. 10 pages. Available 
online at:  
http://www.passaicriver.org/ima
ges/PRC%20LANDS%20BOO
K/Bergen%20County.pdf 
 

“ The PRC’s Lyndhurst Greenway properties are the expansion and 
continuation of an open space corridor along the lower Passaic River. Set in 
an urban area, these four greenway segments will create new recreation 
opportunities and increase public access to the river. A 
greenway can help the community reconnect to the river, come to appreciate 
it both as an important natural resource in its own right, and one that adds 
value to their community… Once other, smaller parcels are acquired, a park 
will be developed along the river to the Route 3 bridge.” 

Page 4 

Harbor 
Estuary 
including 
Passaic River 
Region 

Hudson-Raritan Estuary 
Comprehensive Restoration 
Plan. Draft March 2009. US 
Army Corps of Engineers, The 
Port Authority of NY & NJ, in 
partnership with NY/NJ Harbor 
Estuary Program. 169 pp. 

“The Newark Bay, Hackensack River, and Passaic River Planning Region 
offers substantial opportunities to restore coastal and freshwater wetlands, 
create and restore coastal upland habitats, repair human-induced habitat 
degradation, and provide increased public access to the waterfront.” 

Page 110 

Hudson-Raritan Estuary 
Comprehensive Restoration 
Plan. Draft March 2009. US 
Army Corps of Engineers, The 
Port Authority of NY & NJ, in 
partnership with NY/NJ Harbor 
Estuary Program. 169 pp  

“This planning region would benefit from the creation of public access points. 
Although there are many opportunities along the upper reaches of the lower 
Passaic River and in the Hackensack Meadowlands, there are stretches 
along the Passaic and lower Hackensack rivers, and Newark Bay where 
very few access points exist. Public access facilities should be incorporated 
into future habitat restoration plans wherever feasible.” 

Page 113 
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Essex County Essex County Park System. 
Park, Recreation and Open 
Space Master Plan. April 2003. 
Prepared by T&M Associates, 
Passaic River Coalition, and E. 
Timothy Marshall Associates. 

“The County of Essex will consider partnerships that create new recreational 
facilities to meet a wider County need such as, but not limited to, promoting 
active recreational use of the Passaic River and Newark Bay or the 
development of pedestrian and bike pathways and natural trail systems as 
part of County wide system of greenways to interconnect public parks and 
landmarks.” 

Pages 41, 204 

“The Joseph A. Minish Park, currently being developed along the waterfront 
in the City of Newark, will provide new access to the river in the heart of the 
City. The Ironbound Community Corporation has proposed a plan to develop 
the Passaic River waterfront as a continuous waterfront park from Chapel 
Street to Penn Station featuring passive and active recreation opportunities. 
Riverfront access for boating, as well as passive recreation, should be 
developed and linkages explored to connect the waterfront to other existing 
and proposed open space. The creation of a marina along the Passaic River 
or in Newark Bay should be explored as this area is redeveloped. As the 
dominant natural resource of eastern Essex County, the recreational 
potential of the river should be promoted by the County to provide new and 
improved access for greater use.” 

Page 199 

City of 
Newark, NJ 

Shifting Forward 2025, Newark 
Master Plan Re-Examination 
Report, February 2009, Volume 
I. 107 pp. 

“Strategy #3: Make the Passaic River a regional asset: a continuous, 
redeveloped Passaic Riverfront for the benefit of all Newarkers and the 
region. By 2025, Newark must: 
 Develop at least 25 acres of riverfront open space 
 Achieve 150,000 annual visitors to the new riverfront parks & attractions 
 Ensure public access to the riverfront from all parts of the City 
 Connect the riverfront to all Newark neighborhoods 

Page 21 

“As the City charts a path for the future, it must embrace the river again. The 
Riverfront has the capacity to accommodate at least 25 acres of new open 
space.” 
“Connect the riverfront to all Newark neighborhoods: 
 Make the riverfront accessible to the entire City and bring a diversity of 

Newarkers to the water through programming. 
 Connect the waterfront users with Newark’s cultural and historic 

destinations in close proximity to the waterfront 
 Support the development of a waterfront for living, working, and 

recreation 
 Create continuous public access along the entire riverfront 

Pages 77, 78 
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City of 
Newark, NJ 

Shifting Forward 2025, Newark 
Master Plan Re-Examination 
Report, February 2009, Volume 
II. 76 pp. 
http://www.ci.newark.nj.us/useri
mages/downloads/MasterPlanR
eExamReportVolume2%20(CP
B%20APPROVED%20DRAFT
%20APPENDIX).pdf  

Appendix B.46 presents a figure of public access points to the river. 

Page B.46 

City of 
Newark, NJ 

Newark Draft Vision Plan, 2006. 
NJ, NY, CT Regional Plan 
Association. October 2006. 
http://www.rpa.org/pdf/NewarkF
inalReport.pdf  

“Expand the open space network in Newark, with a focus on a waterfront 
and neighborhood parks. Complete the waterfront park along the Passaic 
River from the northern edge of the city to the Pulaski Skyway in the 
Ironbound District.” 

Pages 5, 16 

Hudson 
County 

Hudson County Reexamination 
of the Master Plan, August 
2008. Prepared by Heyer, Gruel 
& Associates. 

“Land Use Goal #4: To assist in the implementation of the development and 
redevelopment of the waterfronts of the Hudson, Passaic and Hacksensack 
Rivers.” 

Page 2 

“Complete the Passaic River Walkway from the Bergen County border to the 
Jackson St bridge.” 

Page 7 

“Ensure that new development provides public access to waterfront areas, 
recreational facilities and open space.”  
“Require developers to provide for co-ordinated public access in accordance 
with NJDEP’s walkway standards for the Hudson River, Hackensack River 
and Passaic River Walkways plans.” 

Page 12 

“One of the goals of the Passaic Avenue Redevelopment Plan is to reclaim 
the Passaic waterfront for public use; the Plan establishes a walkway along 
the entire length of the Passaic River within the Area boundaries, and also 
calls for a riverfront park.” 

Pages 24, 105 

East 
Rutherford 
Boro 

NJDEP Green Acres Program, 
January 2008. Project 
Descriptions Funding Round 
2008B 

East Rutherford Boro – Two Carlton Avenue Passive Park.  
“East Rutherford would like to acquire a 0.93 acre parcel of land on Carlton 
Avenue to link planned and existing recreational facilities along the Passaic 
River in East Rutherford and Rutherford. Once acquired, the Borough will 
transform this abandoned industrial site, currently a Brownfields site, into a 
greenbelt linking East Rutherford’s park system. The Borough sees the site 
as the critical missing piece in its vision of a planned park expansion.” 

Page 10 
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Garfield City NJDEP Green Acres Program, 
January 2008. Project 
Descriptions Funding Round 
2008B 

Historic Dundee Dam Pedestrian Way and Preserve. 
“With funding from the Green Acres Program, Garfield City is in the process 
of creating a linear park along the Passaic River, in the vicinity of the 
Dundee Dam… The City anticipates that the park will have two levels, one at 
the top of the bank containing pathways for walking, jogging and biking, as 
well as access to the river’s edge from the lower level. The park will provide 
areas to view the magnificent Dundee Dam and abundant river wildlife.” 

Page 11 

Rutherford 
Boro 

NJDEP Green Acres Program, 
January 2008. Project 
Descriptions Funding Round 
2008B 

Rutherford Waterfront Park. 
“The Borough of Rutherford proposes to create a waterfront park on the 
Passaic River, along Riverside Avenue. The proposal includes removal of 
the old bulkhead, shoreline restoration, development of a public park area 
with a natural tidal pool, and the installation of a boat ramp. The new park is 
adjacent to a circa 1920 boathouse that has been restored through private 
section contributions and volunteer labor. The park will serve as an attractive 
recreational resource, enhancing the local community and the Passaic River 
waterfront, while also advancing the Passaic River Restoration Plan.” 

Page 12 

City of 
Newark 

NJDEP Green Acres Program, 
January 2008. Project 
Descriptions Funding Round 
2008B 

Riverfront Property Acquisition. 
“The Ironbound Community Corporation, in partnership with the County of 
Essex, plans to acquire a parcel located between Raymond Boulevard and 
the Passaic River. The acquisition will provide recreation opportunities and 
access to the Passaic River for the densely populated Ironbound community 
in Newark City. Future plans include revitalizing the property to be a 
waterfront park that will become part of Essex County’s park system.” 

Page 52 

Bergen, 
Essexm 
Morris, 
Somerset, 
Sussex, 
Union 
Counties 

NJDEP Green Acres Program, 
January 2008. Project 
Descriptions Funding Round 
2008B 

Passaic River Preservation Project 
“The Passaic River Coalition has identified multiple priority acquisition areas 
throughout the Passaic River Basin. Properties to be acquired will provide 
watershed and water supply protection, and waterfront access.” 
Lower Passaic River Greenway 
“Targeting properties to provide waterfront access in densely populated 
areas in Bergen, Essex, and Passaic counties.” 

Page 59 

LPRSA Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

“The twenty or so proposed access points along the Lower Passaic Water 
Trail are located within a 20 minute drive of nearly 9 million Americans.” 

Page 6 

“Sites were evaluated for public access and paddlecraft launch 
suitability…Many of the sites recommended for inclusion of the trail require 
nothing more than an agreement with the land owner of managing agency, 
the installation of a sign, and its inclusion in the map and guide. Others 
require further development to enable safe, convenient access to the river, 
particularly in the tidal portion of the river.” 

Page 8 
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“The trail is located on the Lower Passaic River defined by NJDEP as 
Watershed Management Area 4. This section of river is between Two 
Bridges in Lincoln Park/Wayne and Newark Bay. The trail will be 
approximately 32 miles including approximately 20 public launch sites in the 
urban core of New Jersey.”  

Page 9 

Garfield, NJ Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Points: 
 Dundee Dam Portage (below Dundee Dam) 
 Garfield Ramp (at River Dr. and Division Ave. in Garfield) 

Site is a steep concrete ramp built as part of the dam renovation project. 
The ramp provides excellent access to the river just below the dam. 
Currently there is a lack of parking and safe and convenient portage 
route from above the dam. Garfield has plans for a riverfront park in the 
area and it would be ideal to work a portage into these plans. 

Pages 42-45 

Clifton, NJ 
 

Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Dundee Preserve (Ackerman Ave at Rt 21) 
Leased by NJDOT to the City of Clifton, site is adjacent to Rt 21 northbound 
and is a small forested parcel just below Dundee Dam. The parcel is bound 
on three sides by the river to the north and the Dundee Canal to the 
southwest. Recommendations: establish a take-out along the north side of 
Dundee Canal; stabilized footpath from take-out to naturalized shoreline put-
in; create a narrow low-flow channel for canoes and kayaks through rocks. 

Pages 46-47 

Passaic, NJ Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Dundee Island Park (Passaic St/Wall St at Veteran’s Court) 
Site is a newly constructed city park with a concrete ramp, play area and 
ballfield. It is located behind a church and between a larger park, railroad 
tracks and the river. It is impossible to see from the street and the turn into 
the park entrance is unsigned. Recommendations: incorporate into trail; 
install signs especially from street. 
 

Pages 48-49 

Wallington, 
NJ 

Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Parkway Ramp (Parkway at Maple Ave.) 
Site is at end of Parkway cul-de-sac. There is a concrete ramp through 
bulkhead. The ramp is kept locked. Recommendations: provide bypass 
access to ramp (bolalrds); incorporate into trail; install signs especially from 
street and river; remove silt from end of ramp. 

Pages 50-51 

Emergency Take Out Only: End Lester Street (Lester St and Hathaway) 
Currently there is an existing pocket park with river access, recommend 
putting a sign on water identifying the location as emergency take-out 

Page 68 
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Emergency Take Out Only: PVSC Pump Station (Rte 21 at River Dr) 
Existing floating dock, recommend putting a sign on water identifying the 
location as emergency take-out 

Page 69 

Rutherford, 
NJ 

Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Nereid Boat Club (Riverside Ave at West Newell) 
Site is an existing historic boat club with a club house, floating docks and 
concrete ramps. There is a plan to build a small park next to the club house 
that will include improved river access. Recommendations: add floating dock 
kayak module to existing docks; incorporate into trail. 

Pages 52-53 

Emergency Take Out Only: Nereid II (Riverside Ave at Rte 3) 
Existing secondary boat storage for Nereid Boat Club with floating docks, 
recommend putting a sign on water identifying the location as emergency 
take-out. 

Page 70 

Nutley, NJ Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Nutley Boat Ramp (Rte 21 on-ramp at Park St/Kingsland) 
Site is an existing concrete boat ramp located at the beginning of the on-
ramp to Rte 21 northbound. The ramp is suitable only to mid-tide when a 
mud flat condition develops to low-tide. The Passaic River Boat Club (Power 
Boating) is working to have the site improved and the mud flat dredged.  
Recommendations: incorporate into trail if/when mud flat issue is resolved; 
use only as an emergency take-out until site is improved. 

Pages 54-55 

North 
Arlington 

Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Riverside County Park (Riverside Ave at Wilson Ave) 
Site is the southern section of Riverside County Park where the Passaic 
River Rowing Association operates the new Bergen County Rowing Center. 
There is a large floating dock for crew teams and a boathouse. 
Recommendations: Incorporate into trail; add canoe/kayak floating modules 
to existing dock. 

Pages 56-57 

Access Point: North Arlington Fire House (River Rd at Belmont & Arlington) 
Site is adjacent to firehouse and vest pocket park. There are a few off-street 
parking spaces for the park. There is also parking adjacent to firehouse, but 
“No Parking” signs should be posted. Recommendations: incorporate into 
trail; provide platform for fishing. 

Pages 58-59 

Kearny, NJ Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 

Access Point: Riverbank Park Kearny (Passaic Ave at Bergen Ave) 
Site is an existing concrete boat ramp within a municipal park. There is 
adequate parking but no other amenities relating to boating. 
Recommendations: incorporate into trail; install floatable debris control 
boom; provide platform for fishing. 

Pages 60-61 
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River Alliance. Access Point: Kearny Point (Central Ave) 
This site has not been thoroughly surveyed yet because of private property 
issues. It is a very important location in that it would provide a direct link to 
the Hackensack River Water Trail and serve the dual purpose of anchoring 
both water trails. Recommendations: investigate site further, proposed 
potential launch location? 

Pages 64-65 

Emergency Take Out Only: Kearny/Nutley Boathouse (Passaic Ave at 
Hathaway) 
Existing floating dock, recommend putting a sign on water identifying the 
location as emergency take-out. 

Page 72 

Newark, NJ Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Access Point: Riverbank Park Newark (Raymond Blvd at Van Buren & 
Somme St) 
Site is on a small wedge of land on the north side of Raymond Blvd across 
from the park proper. This is a very important launch because it provides 
critically needed public access to the river in NJ’s largest city. There is an 
opportunity to incorporate the access with the Army Corps salt marsh 
restoration project. Recommendations: incorporate into trail; incorporate 
floating dock access into Army Corps restoration plan, create strong visual 
and physical connection from park; provide fishing platform. 
We cannot overstate the critical importance of this site to the entire trail 
effort. By virtue of its location in Newark, NJ’s largest city, we consider it a 
requirement of the project to provide public access here. The city presently 
suffers from a lack of sufficient public access to the river and this is an 
opportunity to increase it. 

Pages 62-63 

Lyndhurst Lower Passaic River Canoe & 
Kayak Trail Action Plan, Draft. 
Prepared by the Dept. of the 
Interior National Park Service 
and Lower Passaic & Saddle 
River Alliance. 

Emergency Take Out Only: Lyndhurst Ballfields (Riverside Ave at Tontine) 
Existing asphalt ramp in disrepair, recommend putting a sign on water 
identifying the location as emergency take-out. 

Page 71 
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 NJDOT, New Jersey’s Position 
on the Future Navigational Use 
on the Lower Passaic River, 
RM 0-8, March 29, 2007. 
Contained in Appendix F of the 
Draft FFS document 

“The surveys indicated that the communities in the Upper 9 miles of the 
Study Area reflect their objectives to enhance public access, preserve open 
space and improve the recreational uses (e.g. boating, fishing, ecotourism, 
parks/fields) along the river. In addition, the Passaic River Boat Club (among 
other non-profit organizations) are working to improve waterfront access 
(e.g. locations, adequate depths, overcoming bridge limitations for boating), 
provide facilities (e.g. marinas, docks, anchorages, restaurants to attract and 
supporting boating), and spearhead recreational regional events (e.g. Spring 
Fishing tournament, fall boat and maritime festival, eco-tours). The Lower 
Passaic and Saddle River Alliance has also proposed a water Kayak and 
Canoe Trail from Pompton River (RM 32) to the confluence with Newark Bay 
and up the Hackensack River.” 

Pages 5-6 

Kearny NJDOT, New Jersey’s Position 
on the Future Navigational Use 
on the Lower Passaic River, 
RM 0-8, March 29, 2007. 
Contained in Appendix F of the 
Draft FFS document 

Kearny’s master plan (Heyer, Gruel & Associates, 2002) and survey 
indicated a focus on 2 areas designated as Kearny Urban Enterprise Zones 
(KUEZ) which has introduced new economic, residential and recreational 
opportunities to former industrial areas. The Passaic Avenue 
Redevelopment Plan (above mile 6.1) calls for the transformation of the 
industrial and commercial properties along the Passaic River into a regional, 
mixed use, urban entertainment destination featuring new housing, shopping 
(i.e., commercial retail) and recreational activities with public connections to 
a riverfront walkway. Plans for RM 7 to 8 include green acres, town parks 
and a hockey rink. In addition, a boat ramp at RM 7 (Bergen and Passaic 
Aves) and dock at RM 8 (Kearny Board of Education Crew Program) are 
focal points for public access. Although not included in Kearny’s current 
master plan or survey, the use of water taxis, water tours and smaller ferries 
could be effective in optimizing waterfront usage within areas of the river 
above RM 4.8 (see Newark’s plan). Enhancing already planned waterfront 
access points (e.g., marinas, boat docks) in upstream river segments would 
provide benefits to waterfront revitalization opportunities in the region. These 
commercial services could provide an opportunity for local residents to have 
access to areas downstream (NJPAC in Newark, Stadium in Harrison, etc) 
and provide surrounding residents with access to the proposed urban 
entertainment destination. The Kearny Redevelopment Area under the 
jurisdiction of the New Jersey Meadowlands Commission within the Harrison 
Reach (RM 2.5 to 3.6) is slated for open space and passive recreation. 
Much of this riverfront is occupied by the railroad tracks of the Port Authority 
Trans Hudson (PATH) system. Therefore, the future plans of the town of 
Kearny above mile 2.5 would require navigational depths suitable for 
recreational uses and commercial services (e.g. water taxis/ferries). The 
plans for Kearny Point also include public access and a waterfront walkway. 

Pages 6-7 
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Newark NJDOT, New Jersey’s Position 
on the Future Navigational Use 
on the Lower Passaic River, 
RM 0-8, March 29, 2007. 
Contained in Appendix F of the 
Draft FFS document 

“…All four plans primarily focus on the redevelopment upstream of the 
“Industrial Zone” located below RM 3.6. These plans outline mixed use 
commercial development that provide recreational and entertainment uses 
including marinas, pleasure and dinner boating, crew racing, river festivals, 
and water taxis (to NYC or Jersey City). In addition, open space, parks and 
recreational ball fields (buffer between industrial zone and upstream) are of 
high priority for the waterfront.”  
“Water taxis have been identified as an activity that would be the primary 
influencing factor for the recommendations for minimum depths in the areas 
downstream of the Amtrak’s Dock Bridge (RM5). In addition, ferry service 
may also be considered as a potential future opportunity.” 

Page 7 

  Table 1. Summary of Current and Recommended Navigational Depths: 
RM 3.6-8 – Future Recreational/commercial services (e.g. water 
taxis/ferries) 

Page 14 
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Attachment B 

 

Critique of USEPA Region 2’s July 25, 2011 Technical Memorandum, Fish and Crab 

Consumption Rates for the LPRSA Human Health Risk Assessment 

 

 

Executive Summary 

 

 

USEPA Region 2’s Technical Memorandum,  Fish and Crab Consumption Rates for the LPRSA Human 

Health Risk Assessment (Tech Memo), dated July 25, 2011, presents the basis for new fish and crab 

consumption rates that CPG has been directed to use in the baseline human health risk assessment 

(HHRA) for the LPRSA.  The Tech Memo also presents the Agency’s rationale for using a Fraction Ingested 

(FI) value of 1 for both the fish and crab consumption scenarios.   

 

USEPA Region 2’s Tech Memo contains a number of incorrect statements that reflect a lack of 

understanding or consideration of the impact that differences in survey methodology and target 

population have when estimating long‐term consumption rates.  USEPA guidance is also frequently cited 

as support for positions by taking guidance statements out of context or inappropriately applying them.  

Numerous studies are also inappropriately cited as supporting the RME fish consumption rate even 

though the sources represent an assortment of angler surveys of various target populations, household 

and general population studies that are not specific to recreational fishing, as well as USEPA guidance 

documents which represent summaries or reviews of a wide variety of studies related to consumption of 

fish and/or foodstuffs in general.  In addition to these general issues, CPG’s review revealed a number of 

major technical issues with Region 2’s Tech Memo and fish and crab consumption rates. 

The fish and crab consumption rates established by Region 2 are based on weak and limited scientific 

evidence.  Contrary to guidance provided in USEPA’s Exposure Factors Handbook (EFH) (USEPA 1997) 

that “the type of survey used, its design and any weighting factors used in estimating consumption 

should be considered when interpreting survey data for exposure assessment purposes” [p. 10‐1],   

Region 2 did not directly evaluate the study designs or their relevance for predicting long‐term fish/crab 

consumption rates for the LPRSA HHRA.  Despite agreement to use objective review criteria, Region 2's 

review was instead limited, including only geographic location, number of anglers reporting fish 

consumption, variability in consumption rates across surveys, and consistency with rates previously used 

by Region 2.  Had Region 2 referred to its own guidance in establishing assessment criteria, it would 

have been readily apparent that a number of the studies used in establishing the fish/crab consumption 

rates are not acceptable for deriving long‐term consumption rates.   

 

Region 2 supports use of the Burger (2002) and Connelly et al. (Connelly et al. 1992) studies as the 

primary supportive studies for the fish/crab consumption rates derived for the LPRSA partially based on 

the fact that they were subjected to reviews by funding agencies before and after grant submittal.  
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However, funding review criteria are established to ensure that studies are adequately designed to 

either prove or disprove specific scientific hypotheses.  Since neither Burger (2002) nor Connelly et al. 

(1992) was designed for the purpose of establishing long‐term fish/crab consumption rates, the funding 

agency reviews were unlikely to have evaluated whether the studies were adequate for that purpose.  

USEPA Region 2 acknowledges that the survey methodology for Tierra’s 2000‐01 CAS underwent peer 

review, and that the articles describing results (Kinnell et al., 2007; Ray et al., 2007a,b) were published in 

peer‐reviewed journals, but then dismisses the only study specifically designed to evaluate long‐term 

fish and crab consumption rates for the LPRSA, because the work plan was not approved by Region 2, 

even though neither of USEPA’s preferred non‐site‐specific studies followed USEPA‐approved work 

plans.  Further, the data on which the Burger (2002) results are based are no longer available and, 

therefore, cannot be scrutinized.  Consequently, issues such as identification of “non‐consumers”, 

portion size, monthly and annual fish and crab meal consumption estimates, and sample weighting 

cannot be verified.  

Region 2 failed to acknowledge or address the limitations that make these studies unsuitable as the 

bases for fish and crab consumption rates for the LPRSA.  Rather than using a statistically valid approach, 

the high‐end consumption rate from each of the manipulated datasets from Burger (2002) and Connelly 

et al. (1992) were averaged and proposed as the Reasonable Maximum Exposure (RME) fish 

consumption rate for the LPRSA.   In addition, while Region 2 cites a number of other studies as 

supporting the selected RME fish consumption rate of 44 g/day, correction of the numerous 

inappropriate assumptions made in deriving the consumer only fish ingestion rates from these studies 

demonstrates that the majority of these studies do not support this rate.   

 

Region 2 also compares its upper‐bound and mean consumption rates with fish and crab consumption 

rates used in other Region 2 site HHRAs over the past 20 years, and states that the estimates are within 

the range of rates previously used in Region 2.  When the subsistence fishing consumption rates cited in 

Region 2’s Tech Memo are appropriately discounted (subsistence fishing has been acknowledged as 

irrelevant for the LPRSA), Region 2’s statement is not correct.  The RME fish consumption rate of 44 

g/day selected by Region 2 for the LPRSA adult recreational angler is higher than all of the other Region 

2 sites cited with the exception of the Alcoa site, which used 54 g/day used in the 1993 HHRA (a rate of 

32 g/day was used in the 2002 HHRA Update of the Alcoa Grasse River site).  Many of the sites identified 

by Region 2 represent water bodies with sport fisheries and recreational angler target populations that 

are considerably different than the LPRSA (e.g., Lake Onondaga and Hudson River).  Given these 

differences, Region 2’s comparison of sites and corresponding rates to its new consumption rates is 

flawed and does not support use of an RME fish consumption rate for the LPRSA that is the highest of 

the rates used by Region 2 over the past 20 years.  In addition, the RME crab consumption rate selected 

by Region 2 for the LPRSA is higher than the rate used at the other Region 2 site where crab 

consumption was evaluated.  The rate of 6.5 g/day used in the 2000 HHRA for the Horseshoe Road site 

on the Raritan River is considerably lower than the RME crab consumption rate of 32 g/day identified for 

the LPRSA.  Region 2 does not address this disparity in their Tech Memo. 
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Region 2 also incorrectly concludes that the site‐specific creel/angler survey results for the LPRSA cannot 

be used in estimating fish consumption rates because only seven consuming anglers were identified (Ray 

et al. 2007a,b).  Not only does Region 2’s conclusion disregard the large amount of effort expended over 

a full year to capture LPR anglers (i.e., 101 angler interview days and 143 angler count days), it also 

reflects a lack of understanding regarding a probability sample, which is statistically designed to capture 

a sample of the target population, and through use of sampling weights, calculate consumption statistics 

for the full target population.   

 

Region 2 has directed use of a FI value of 1 for both the RME and CTE fish and crab consumption 

scenarios, stating that it is consistent with recommendations in RAGS Part A guidance (USEPA 1989), as 

well as Region 2 practice at other contaminated sediment sites.  While not noted by Region 2 in the Tech 

Memo, USEPA (1989) also states that FI for fish and shellfish is a “pathway‐specific value” and “should 

consider local usage patterns.” [p. 6‐43].  A household survey of recreational anglers (Bingham et al. 

2011) in the Five County area around the LPRSA provide regional data that support the assumption that 

not all of the recreationally caught fish consumed by LPRSA anglers comes from the LPRSA.  While crabs 

are present in the LPRSA, crabbing is an infrequent occurrence.  A year‐long angler survey on the LPR 

intercepted only five people who reported catching crabs, and none reported consuming them.  These 

results contrast with those of Burger (2002), who reportedly intercepted 110 consuming crabbers over a 

four‐month period in the Newark Bay complex, including the Arthur Kill.  Given that consumption 

advisories are the same in the two water bodies, the disparity in the levels of crabbing activity can be 

attributed to differences in site setting and water body characteristics that make the LPRSA a less 

desirable crabbing destination.   

CPG recommends an alternative position, consistent with USEPA guidance, which will result in a more 

complete and accurate baseline human health risk assessment (HHRA).  CPG believes that data 

generated by a creel/angler survey to be conducted for the entire 17.4 miles of the LPRSA should be 

used to derive site‐specific fish and crab consumption rates, once available.  In the interim, CPG 

recommends a range of consumption rates be evaluated for both fish and crab, such as the following: 

 

 17.5 g/day → fish/shellfish consumption rate (used by USEPA and NJDEP to derive water quality 

criteria protective of the general public, as well as the average sport angler [USEPA 2000]) 

represents the 90th percentile of the 1994‐96 USDA CSFII Survey (Continuing Survey of Food 

Intakes by Individuals), is supported by at least two of the studies included in Region 2’s Tech 

Memo (Connelly et al. 1996 and Ray et al. 2007a,b), and can be used to estimate both fish and 

crab consumption (included both finfish and shellfish) risks.   

 7.5 g/day → “One meal per month” consumption rate used at other sediment sites where 

remediation is expected to take decades before advisories can be relaxed, to provide risk 

information to the public and decision‐makers. 

 

These rates provide reasonable policy alternatives to deriving rates based on studies that are not 

relevant or appropriate for estimating long‐term fish and crab consumption in the LPRSA, and can be 
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used for the RME and CTE scenarios.  In addition, the use of a FI value less than 1 should be considered 

given the close proximity of the LPRSA to several other more desirable fishable water bodies, including 

the Passaic River above Dundee Dam, Hackensack River, Newark Bay, and nearby freshwater ponds.  For 

the RME fisher and crabber, a FI value of at most 0.5 is recommended.  A FI value of 0.5 assumes that 

half of the fish and crab consumed comes from outside of the LPRSA.  This is highly conservative for 

crab, given the minimal crabbing that has been observed at the LPRSA.  Use of a FI value less than 1 is 

also supported by precedent at several other large sediment sites based on the close proximity of other 

desirable fishing locations.  
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Attachment B 

 

Critique of USEPA Region 2’s July 25, 2011 Technical Memorandum, Fish and Crab 

Consumption Rates for the LPRSA Human Health Risk Assessment 

 

USEPA Region 2’s Technical Memorandum,  Fish and Crab Consumption Rates for the LPRSA Human 

Health Risk Assessment (Tech Memo), dated July 25, 2011, presents the basis for new fish and crab 

consumption rates that CPG has been directed to use in the baseline human health risk assessment 

(HHRA) for the LPRSA.  The new consumption rates supercede Region 2’s prior direction in their 

September 10, 2010 comments to use the USEPA default of 26 g/day and 8 g/day (RME and CTE, 

respectively) for fish consumption by adult recreational anglers, and 23 g/day and 16 g/day (RME and 

CTE, respectively) for crab consumption by adult recreational crabbers.  Region 2’s new fish and crab 

consumption rates are summarized below for the adult, older child, and young child age groups. 

 

Receptor   Age Group 

Fish Consumption Rate 

(grams/day) 

Crab Consumption Rate 

(grams/day) 

RME  CTE  RME  CTE 

Recreational 

Angler 

Adult  44  13  32  16 

Older Child  29  9  21  11 

Young Child  15  4  11  5 

 

Region 2’s Tech Memo presents a discussion of a variety of sources of fish/crab consumption rates, 

including angler surveys, household surveys, and guidance documents.   It purports to follow a weight‐

of‐evidence approach for evaluating each source to determine its relevance and appropriateness for 

estimating consumption for the reasonable maximum exposure (RME).   The Tech Memo also presents 

the Region 2’s rationale for using a Fraction Ingested (FI) value of 1 for both the fish and crab 

consumption scenarios.   

 

Region 2’s Tech Memo contains incorrect statements that reflect a lack of understanding or 

consideration of the impact that differences in survey methodology and target population have when 

estimating long‐term consumption rates.  USEPA guidance is also frequently cited as support for 

positions by taking guidance statements out of context or inappropriately applying them.  CPG’s 

technical review, as presented in this document, summarizes the major issues with Region 2’s Tech 

Memo and the calculated fish and crab consumption rates presented.  Detailed comments on Region 

2’sTech Memo, including correction of inaccurate statements and identification of unsupported 

statements, are provided in Table 1.  

 

Weight‐of‐Evidence Approach  

 

In its July 25 Tech Memo, Region 2 has compiled a number of studies and considered them for their 

relevance and appropriateness as the basis for consumption estimates for the LPRSA.  The Tech Memo 
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states that the “analysis provides a weight‐of‐evidence approach for evaluating consumption for the 

reasonably maximum exposure (RME).”  A true weight‐of‐evidence approach is a deliberate process by 

which individual lines of scientific evidence, some positive and some negative, are used in combination 

to make judgments about a particular conclusion or the selection of a particular assumption.  The 

judgments made by Region 2 regarding the appropriate fish and crab consumption rates for use in the 

LPRSA HHRA are based on a weak and limited set of lines of scientific evidence.  Furthermore, Region 2 

did not directly evaluate the logic behind the study designs for the studies and surveys on which it relies 

or their relevance for predicting long‐term fish/crab consumption rates for the LPRSA HHRA.   

 

Of particular importance, Region 2 has not discussed the quality of the data generated by the studies 

cited or their applicability to the LPRSA and the purpose at hand (i.e., to identify appropriate fish and 

crab ingestion rates).  This is an important issue because study results can be substantially impacted by 

the ways in which the studies are conducted and the purposes for which they are designed.  Thus, while 

some of the studies discussed by Region 2 may have been well designed for the purposes for which they 

were intended, this does not necessarily mean that they were properly  designed for the purpose of 

estimating long‐term consumption rates for individuals who fish or crab from the LPRSA.   USEPA’s 

Exposure Factors Handbook (EFH) (USEPA 1997) clearly states that “the type of survey used, its design 

and any weighting factors used in estimating consumption should be considered when interpreting 

survey data for exposure assessment purposes” [p. 10‐1].   

 

During the USEPA‐CPG December 16, 2010 meeting, the CPG asked USEPA Region 2 to develop and use 

a consistent and objective set of balanced review criteria to critically evaluate studies under 

consideration as a basis for the development of fish and crab consumption rates for the LPRSA HHRA.  

Suggestions for evaluation criteria included: 

 

 Peer review; 

 USEPA approval of work plan prior to study; 

 Suitability of study design for development of long‐term fish/crab consumption rates; 

 Duration of survey; 

 Number of observations/intercepts; 

 Target population; 

 Reproducibility of data, etc. 

 

Although Region 2 agreed to use an objective set of review criteria in response to the CPG’s "Term 

Sheet” (dated February 10, 2011), Region 2's review was instead limited, and did not address the validity 

or pertinence of each study for use in developing long‐term consumption rates for the LPRSA HHRA.  

Factors considered in Region 2’s review instead only included the geographic location, the number of 

anglers reporting fish consumption, consistency with consumption rates derived from other surveys, and 

consistency with rates used by Region 2 at sites with Records of Decision (ROD) since 1991.  These do 

not provide a complete and objective set of criteria by which to judge the viability of a particular source 

for its relevance or appropriateness to the task at hand.  USEPA’s EFH provides General Assessment 
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Factors that the Agency used in evaluating studies for their suitability for developing recommended 

exposure parameter values that may be used in HHRAs when site‐specific data are not available.  These 

factors include the adequacy of study approach, bias, representativeness, currency, data collection 

period, accessibility, reproducibility, quality assurance, variability in population, uncertainty, and peer 

review (USEPA 1997, 2009).  It is unclear why Region 2 has not referred to Agency guidance to establish 

a framework and set of assessment criteria.  Had Region 2 conducted its analysis using a rigorous set of 

review criteria, it would have been readily apparent that a number of the studies discussed in the Tech 

Memo are not acceptable for the intended purpose of deriving long‐term consumption rates. 

 

Despite the numerous studies cited by Region 2 in the Tech Memo, Region 2 settled on two studies by 

Burger (2002) and Connelly et al. (1992), stating that they were the only studies that contained enough 

information to calculate statistical distributions for the ingestion rates that also included data from the 

New York/New Jersey Harbor Estuary.  While the CPG recognizes that use of surrogate studies to derive 

consumption rates can be a valid approach, the CPG takes issue with Region 2’s decision for the LPRSA, 

as well as its choice of studies for several reasons, including: 

 

 Aside from the unsupported assumptions of Burger (2002), the survey data collection and 

analysis methods cannot be vetted or re‐analyzed because they are no longer available, and the 

limited data provided in Burger (2002) are not sufficient for deriving reliable and accurate 

statistical distributions that can be used to estimate long‐term fish consumption; 

 The 1991 statewide angler survey of Connelly et al. (1992) was a mail survey of licensed anglers 

that represents a very different demographic than LPRSA anglers, as well as different water 

bodies, and suffers from design issues that limit its usefulness for developing long‐term 

consumption rates; 

 Had Region 2 implemented a more objective and technically defensible set of selection criteria, 

the need for regional fish/crab consumption data based on the Region 2’s selected studies  

would have been less critical, and the limitations of these two  studies would have been 

apparent; 

 Data from the year‐long LPRSA‐specific study reported in Ray et al. (2007) are the most 

pertinent regardless of the number of consumers identified, and are fully adequate and 

appropriate for calculation of statistical distributions. 

 

These issues and others that contribute to CPG’s dispute with Region 2’s new fish and crab consumption 

rates are discussed in further detail in the following sections of this document. 

 

Summary of the Peer Review Process 

 

Region 2’s Tech Memo includes a discussion of the “survey methodology review process” applied to the 

studies and sources cited.  The Tech Memo notes that funding and methodological review procedures 

for the cited surveys vary, but that all were published in the peer‐reviewed literature or by USEPA 

following an external review process.  This is not entirely accurate, as the New Jersey Household Fish 



September 6, 2011  8 

Consumption Study (1993) and Connelly et al. (1992) were not published in peer‐reviewed journals or 

reviewed by USEPA.   Region 2 states its support for the use of the Burger (2002) study, as well as other 

studies conducted by Rutgers University, and the study by Connelly and colleagues at Cornell University 

(Connelly et al. 1992) because they are subject to procedures for detailed reviews before grants are 

submitted for funding.  Region 2 states that once submitted, grants are further evaluated by the funding 

Agencies listed in the published reports and that each organization has review procedures that they 

utilize prior to awarding grants.  These procedures include evaluation of budgets and timelines, scientific 

merit, and whether the grant rules, regulations and guidance are met.   

 

While grants for the two studies underwent a review before being funded, Region 2’s position that 

review by the funding agencies validates them for use as the basis for long‐term fish/crab consumption 

rates for LPRSA ignores the fact that neither study was specifically designed to characterize long‐term, 

sport‐caught fish consumption rates.  Moreover, as previously noted, the results and subsequent 

analysis of both studies were not reviewed in an independent peer‐review process.  Region 2 fails to 

recognize that all surveys are not conducted for the same purpose.  For example, Burger (2002) was not 

specifically designed to characterize long‐term, sport‐caught fish consumption rates by anglers who use 

the Newark Bay Complex.  Its stated purpose was to examine “fishing behavior, consumption patterns, 

and the reasons that people fish in the Newark Bay Complex.” The study’s primary aim was to evaluate 

“differences among Asians, Blacks, Hispanics and Whites in their consumption patterns for fish and 

crabs and in the reasons that they fish or crab.”  Thus, while the Burger (2002) study may have been 

very well designed for its stated purpose, and thus passed all of the review criteria applied to it for that 

purpose, this does not mean that it would pass the criteria necessary for characterizing long‐term, sport‐

caught fish or crab consumption rates for anglers who use the Newark Bay Complex, much less the 

LPRSA.  In fact, based on the limited sampling frame, methodology used, and lack of sample weighting 

(all discussed in more detail below), it is very unlikely that it would have passed the review criteria for 

such a study.   

 

The Tech Memo acknowledges that the survey methodology for Tierra’s 2000‐01 CAS underwent peer 

review, and that the articles describing results (Kinnell et al., 2007; Ray et al., 2007a,b) were published in 

peer‐reviewed journals.  Despite this acknowledgement, Region 2 then dismisses the study stating that 

the work plan was not approved by Region 2, which is also true of both  Burger (2002) and Connelly et 

al. (1992),and notes issues with the use of the data for the LPRSA baseline risk assessment (Mugdan 

2010; Buchanan et al. 2010).  CPG takes issue with this position given that neither of Region 2’s 

preferred non‐site‐specific studies followed USEPA‐approved work plans, and in the case of Connelly et 

al. (1992), results were not subjected to external peer‐review.  Thus, it is apparent that Region 2’s 

weight‐of‐evidence approach for objectively identifying  appropriate studies for use in developing LPRSA 

consumption rates was neither objective nor consistent.    

Issues with Selected Studies 

 

The fish consumption rates presented in the Tech Memo are based on the average of rates calculated by 

Region 2 based on information provided in Burger, 2002 and  Connelly et al., 1992.  The RME fish 
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consumption rate is the average of high‐end values calculated by Region 2 from a 1999 on‐site intercept 

survey of the Newark Bay Complex (Burger, 2002), and a 1991 statewide mail survey of licensed New 

York state anglers (Connelly et al, 1992).  The CTE fish consumption rate is the average of the mean and 

median values from these two studies, respectively.  The new RME crab consumption rate is a 90th 

percentile value calculated by Region 2 using limited summary information presented in the publication 

of the results of the Burger (2002) survey of the Newark Bay Complex.  The CTE rate is the calculated 

mean from this study.  For both fish and crab, rates for adolescent and young child age groups were 

assumed by Region 2 to be two thirds and one third the adult rates, respectively.   

 

The two studies chosen by Region 2 to derive fish and crab consumption rates have numerous problems 

that limit their usefulness as the bases for consumption rates in the LPRSA HHRA.  In fact, the Connelly 

et al. (1992) was discussed but not considered a key study in the analyses of sport‐caught freshwater 

fish consumption conducted for either the USEPA’s 1997 EFH or the 2009 proposed revision to that 

document.  In discussing the approach used by Connelly et al. (1992), USEPA (1997, 2009) stated that “a 

limitation of this study with respect to estimating fish intake rates is that only the number of sport‐

caught meals was ascertained, not the weight of fish consumed.  The focus of the study was not on 

consumption but on the knowledge of and impact of fish health advisories.”  USEPA (1997, 2009) 

reported that if one uses an assumed meal size of 150 g (based on Pao et al. 1982), the mean intake rate 

would be 4.5 g/day.  USEPA (1997) did not attempt, however, to estimate an upper bound estimate of 

consumption for that study.  The Burger (2002) study was not discussed at all in the detailed analysis of 

fish consumption studies in USEPA’s 2009 revised EFH (it was not available at the time the 1997 EFH was 

published).  Clearly USEPA did not regard it as a relevant study for estimating consumption by 

recreational anglers.    

 

Burger (2002) is an angler survey of Newark Bay conducted in 1999 by Professor Joanna Burger of 

Rutgers University.  It primarily focused on sociological aspects of fishing, but secondarily collected some 

consumption data during one interview with each angler.  The Burger (2002) publication, however, 

provides only a general overview of the methodology, very limited information about the way in which 

the data were evaluated, and only a summary of the study results that presents means and standard 

errors for selected parameters as calculated for the entire population that was studied.  The CPG 

requested Dr. Burger’s data, work plan, and summary report last summer, but was informed that she no 

longer possesses the data (Burger 2010).  Region 2 has confirmed that it was unable to obtain the data, 

but that limitation has not prevented Region 2 from using the paper, which only summarized the general 

survey results, to derive specific mean and upper‐bound fish and crab consumption rates for use in the 

LPRSA HHRA.   

 

Furthermore, Region 2 has modified the summarized results of the Burger (2002) survey by estimating 

the number of “non‐consumers” and only including individuals who consumed in developing its new  

consumption rates.  It is not clear whether the omitted anglers were truly non‐consumers or how they 

were identified.  Without the completed questionnaires, it is not possible to determine whether these 

individuals reported that they never ate fish from the area surveyed, or whether they were asked about 

frequency of meals during a specific time period and were categorized as non‐consumers if they had not 
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eaten any meals during that time.  If it was the latter, then the individuals categorized as non‐consumers 

from the Burger (2002) survey may not have been true non‐consumers because they may sometimes 

have eaten fish from Newark Bay.  If this was the case, then these anglers should not have been 

eliminated as they would comprise an important segment of the target population.  Without more 

details about survey methodology and raw data, however, it cannot be determined whether these 

individuals truly were non‐consumers or whether they were less frequent anglers who were 

misclassified as non‐consumers. 

 

Region 2 used a similar approach in their evaluation of Connelly et al. (1992), which was used as part of 

the Upper Hudson River human health risk assessment (HHRA) conducted by TAMS/Gradient (2000).  

Connelly et al. (1992) was a mail survey of licensed New York state anglers that was conducted by Nancy 

Connelly and colleagues from Cornell University.  This study focused on angling and consumption 

behavior as it related to fish consumption advisories.  Using the study results, Region 2 estimated 

consumption rates using a "standard" assumed meal size rather than actual harvest data.  There were 

other issues (including recall bias) associated with the Connelly et al. (1992) data, which are discussed in 

more detail below.  In addition, there is no support for Region 2's statement that the survey results are 

representative of the behaviors of New York‐New Jersey Harbor anglers.  In fact this is unlikely to be 

true because most of the freshwater fisheries in New York State are significantly different from the 

fishery in the New York‐New Jersey Harbor area. 

 

The Connelly et al. (1992) survey instrument instructed the respondents to place a “?” in the 

consumption matrix if they had consumed fish but could not recall the number of fish consumed.  As 

discussed below, there were many cases where respondents placed a “?” and in some cases, 

respondents provided “?” for every entry in the matrix.  TAMS/Gradient (2000) eliminated all cases for 

which a “?” was recorded; thus, those individuals who only provided a “?” for each meal were 

considered non‐consumers and removed from the analysis despite the fact that they were consumers 

who simply could not remember the number of fish that they had consumed. 

 

Despite the limitations reported in the EFH (1997 and 2009)for the Connelly et al. (1992) study and the 

lack of any consideration of the Burger (2002) study in developing its guidance, Region 2 has selected 

these two studies as the basis for its selected rates.  Region 2 has not acknowledged or addressed the 

limitations associated with those studies that make them unsuitable as the basis for the fish 

consumption rates for the LPRSA.  These studies and their limitations are discussed in more detail 

below. 

 

Issues with Burger (2002) Study  

 

Region 2 has used the information provided in the peer‐reviewed publication by Burger (2002) as a 

partial basis for the recommended fish consumption rates.  As previously noted, the publication has very 

little detail on the study methodology or the way in which the data analysis was completed.  It does 

state that individual consumption rates were calculated for each individual based on their responses to 

questions about frequency of eating self‐caught fish, meal size and the number of months fished.  
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However, this per‐individual detail is not provided in the published report.  The only information 

provided by Burger (2002) on which fish and/or crab consumption rates can be estimated is the 

following: 

 

 The overall mean number of times per month that the surveyed population reported eating self‐

caught crabs/fish; 

 The overall estimated average of the serving sizes reported by all anglers; and 

 The mean number of months per year that the surveyed population reported fishing and/or 

crabbing 

 

It is not clear from the information published in the paper, however, whether the above data were 

specific to the location at which anglers were interviewed, the entire Newark Bay Complex, or to all 

areas fished by those individuals.  Although these data may be representative of the general behavior of 

Newark Bay Complex anglers, the possibility that the survey also included information on the 

consumption of fish from locations outside of the Newark Bay Complex cannot be definitively ruled out. 

 

Despite these uncertainties, which Region 2 fails to acknowledge, the above information (as provided in 

Table 2 of Burger 2002) was used in combination with a bar graph provided in Figure 2 of that 

publication to estimate consumption rates.  Figure 2 presents the percentage of surveyed individuals 

who consumed fish and crabs at 6 different rate ranges (0, 100‐400, 401‐800, 801‐1400, 1401‐4200, 

4200‐40,000 g/month).  Based on the information provided in Figure 2, USEPA eliminated roughly 40 

percent of survey participants who were reported to be non‐consumers of fish (consumed 0 g/day) and 

estimated that roughly 11 percent of the consumers consumed fish at a rate of 4,200 g/month or more.  

Region 2 then combined this rate with the average number of months fished (4.92 months per year 

reported in Table 2 for all participants) and divided the quotient by 365 days/year to derive an 

estimated upper bound annualized average daily fish consumption rate of 56.6 g/day.    

 

A similar approach was used to estimate the RME crab consumption rate.  After excluding non‐

consumers of crab (roughly 35 percent of survey participants based on Figure 2), Region 2 estimated 

that 6.3% of consumers consumed crab at a rate of 4,200 g/month or more, and 23% of consumers 

consumed crab at a rate of 1400 g/month.   While not explained in the Tech Memo, Region 2 then 

interpolated between these two percentiles to estimate a 90th percentile consumption rate of 3590 

g/month.  Combining this monthly rate with the average number of months crabbed (3.3 months per 

year reported in Table 2 for all participants) and dividing the quotient by 365 days/year resulted in an 

estimated upper bound annualized daily crab consumption rate of 32 g/day. 

 

There are numerous problems with this approach.  The information provided in the publication is 

inadequate to estimate an upper bound consumption rate for the following reasons: 

 

 While the original data analysis may have included per‐individual estimates of consumption, 

only mean values or ranges are provided in the Burger (2002) publication. 
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 There is not enough information provided in the Burger (2002) publication to substantiate the 

way in which the data were collected and analyzed.  The questionnaire is not provided, and 

there is not enough detail reported to determine how questions were asked or how responses 

were recorded.  Thus, there is no way to evaluate whether any unintentional bias was 

introduced into the survey design that may have affected responses.  

 

 Individuals were asked to estimate their fish serving sizes based on a comparison with an 8‐

ounce portion size model.  The publication does not describe, however, the way in which 

portion size estimates were made when reported meal sizes differed from the 8‐ounce model.   

 

 No information was collected on parts consumed, preparation or cooking practices, or sharing of 

the catch.  For crab, an assumption was made that the edible mass of crab is 70 grams based on 

NJDEP data (not specified).  Based on CPG’s 2009 tissue sampling program, the average weight 

of edible  tissue in LPRSA crabs is 45 grams, which is consistent with data reported by NJDEP on 

blue crab (average of 44 grams) (Horwitz et al., 2006).  The unsupported assumption of Burger 

(2002), which is not acknowledged by Region 2, introduces considerable uncertainty and likely 

results in significantly overestimated consumption rates.  

  

 It assumes, incorrectly, that the average number months of fishing is representative of only 

those who consumed fish and is synonymous with the number of months in which meals are 

consumed.  Neither assumption can be substantiated using the information provided in the 

Burger (2002) publication.  The average number of months fished is based on the total 

population surveyed, not just consumers, and fishing frequency is not necessarily correlated 

with consumption rate as many “catch and release” fishermen, who would be considered non‐

consumers, fish with high frequencies.  Thus, Region 2 has made assumptions about the higher 

consumers that may or may not be appropriate.  Because the study results are not available for 

inspection, it is not possible to verify the correct value for 1) the number of months that 

consuming anglers fished the Newark Bay Complex or 2) the number of months during which 

individuals actually consumed fish. 

 

 The discussion of methodology does not explain how data on the frequency of meals per month 

were collected (i.e., whether individuals were asked to estimate their average consumption rate 

over all months in which self‐caught fish or crabs are eaten or whether they were asked to 

report this activity during the month during which they were interviewed).  It is likely that the 

frequency of fish meals varies from month to month and it is not clear how variable information 

(if it was in fact collected) was handled. It was also not apparent how the authors derived 

consumption estimates if the participants did not report eating fish at a consistent rate during 

all months.   
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 The survey was conducted from May 15 to September 15 and did not capture the activities of 

individuals that may fish or crab from the area during the remaining eight months of the year.  

Because the behaviors of those individuals may differ from the behaviors of summer 

fishers/crabbers, these results cannot be considered representative of the total angler 

population that uses the area. 

 

 Angler behaviors and consumption habits were gleaned from a single encounter with each 

participant during the warm weather period.  While it is clear that participants were asked how 

many months of the year they fish, it is not clear whether they were asked to provide detailed 

information about their consumption patterns throughout the year.  If they were only asked 

about the month during which they were interviewed, it is likely that the results are not 

representative of their year‐long fishing and consumption habits.  Individuals tend to report 

their activities based on their most recent behaviors and often, if they are re‐interviewed, 

reported behaviors often differ.  Further, recall survey methods tend to bias consumption rates 

high, especially for more avid anglers and with longer recall periods (USEPA 1998; Connelly and 

Brown 1995, Fisher et al. 1991).   

 

 The Burger (2002) study does not appear to have included any sample weighting and it is clear 

that Region 2 has not considered weighting in estimating its upper‐bound estimate.  While only 

a single interview was conducted with each individual encountered, no adjustment was made, in 

either the original analysis or in Region 2’s interpretation of those data, to correct for sampling 

weight.  When conducting an intercept/creel survey, it is critical to consider the 

representativeness of the data collected.  The Burger (2002) publication states that “[a]lthough 

the results of the study clearly represent those interviewed, there is no reason to assume that 

this does not represent the fishing public using this area because we interviewed nearly 

everyone present and sampled at all times of day, on both weekends and weekdays.”  However, 

it cannot be concluded that the results are representative of the entire population that fishes 

this area, due to the absence of sample weighting. 

 

 Sampling weight is an important component of creel surveys.  As discussed in USEPA’s 1997 EFH, 

“in a creel survey, the target population is anyone who fishes at the locations being studied; 

generally in a creel study, the probability of being sampled is not the same for all members of 

the target population.  For instance, if the survey is conducted for one day at a site, then it will 

include all persons who fish daily but only about 1/7th of the people who fish there weekly, 

1/30th of the people who fish at the location monthly, etc. Thus, the probability of being 

sampled is seen to be proportional to the frequency of fishing (USEPA 1997, p. 10.1).  It goes on 

to state that “[i]n the published analyses of most creel studies, there is no mention of sampling 

weights; by default all weights are set to 1, implying equal probability of sampling.  However, 

since the sampling probabilities in a creel study, even with repeated interviewing at a site, are 

highly dependent on fishing frequency, the fish intake distributions reported for these surveys 

are not reflective of the corresponding target populations.  Instead, those individuals with high 
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fishing frequencies are given too big a weight and the distribution is skewed to the right, i.e., it 

overestimates the target population distribution.” As stated in USEPA (1997 and 2009), “the 

type of survey used, its design, and any weighting factors used in estimating consumption 

should be considered when interpreting survey data for exposure assessment purposes” (p. 10‐

1).  Because the survey results are no longer available, they cannot be used to weight the 

samples and develop more representative consumption estimates. 

 

In summary, Region 2’s analysis of the available information to estimate upper‐bound rates of 

consumption using the published Burger (2002) study is inappropriate because it couples an estimated 

upper‐bound average monthly consumption rate with an estimated average number of months spent 

fishing or crabbing per year.  Region 2’s analysis thereby assumes that all anglers who ate 4,200 

g/month or more, repeated that behavior for the average number of months fished (calculated using 

data for the entire population).  In doing so, Region 2 has made assumptions about behaviors without 

any scientific basis.  Fishing and consumption behaviors tend to be highly variable.  For example, some 

of the higher monthly consumption rates may have come from interviews with individuals who were 

visiting the area during a one‐week summer vacation. If these individuals caught and ate a substantial 

amount of fish during that time, they might have reported a very high monthly consumption rate based 

on that activity.  However, they may never have fished the area again. The assumption that they 

repeated that behavior monthly for five months would not have been appropriate or representative.  

Yet,  these are exactly the types of assumptions that Region 2 has made in attempting to use the 

information provided in this publication to develop long‐term, upper‐bound fish consumption rates.  

The information contained in the publication should neither be used to estimate upper‐bound rates of 

consumption, nor should they be assumed to be representative of the total angler population. 

 

Issues with Connelly et al. (1992) Study  

 

Region 2 has also based its fish consumption rate on the study conducted by Connelly et al. (1992) as it 

was interpreted and incorporated into the human health risk assessment (HHRA) for the Upper Hudson 

River, which was conducted by (TAMS/Gradient, 2000) on behalf of Region 2.  Connelly et al. (1992) was 

a mail survey that collected information from a cross‐section of licensed New York state anglers.  The 

purposes of the study were to: 1) assess New York licensed angler awareness and knowledge about 

advisories, and fishing and fish‐consuming behavior, and 2) identify changes since explanatory 

information in the advisory was expanded.  A systematic sample of 2,000 licenses was selected for the 

license year beginning October 1, 1990 and ending September 30, 1991. The mail survey was 

implemented in January 1992, and up to three follow‐up mailings were sent to non‐respondents. A 52% 

response rate was achieved.  A follow‐up telephone survey was conducted with 100 non‐respondents, 

which was used to adjust results for non‐response bias. 

Due to the methodology used, it was not necessary to develop sample weights (other than for non‐

response bias as discussed below) as is necessary when one is conducting a creel/intercept survey.  In 

addition, the raw data are still available and it was possible for Region 2 to develop more relevant 

consumption estimates based on data collected for rivers.  However, there are still a number of reasons 
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(related to survey design) why the data were not the most reliable source for estimating consumption 

from the Upper Hudson River, and additional reasons why this survey should not provide the basis for 

the fish ingestion rates used for the LPRSA. 

The Connelly et al. (1992) study was not designed to estimate long‐term rates of sport‐caught fish 

consumption.  While the study did collect some information on fish consumption habits of the surveyed 

anglers, it was not designed to provide a reliable basis for estimating their long‐term fish consumption 

rates.  To make such estimates, numerous assumptions about the anglers’ behaviors, for which there is 

no strong basis, must be made, resulting in substantial uncertainties in the rates derived.  In addition, 

the biases associated with the data (people who don’t respond are likely to be non‐ or low‐level fish 

consumers) and Region 2’s analysis of them indicates that consumption estimates are overstated. 

Despite these problems, Region 2 (TAMS/Gradient 2000) used the data from this study to derive long‐

term consumption rates for use in the Upper Hudson River HHRA.  Limitations of the survey for this 

purpose are further discussed below: 

 

 The survey response rate reported by Connelly et al. (1992) was 52.3 percent, which is on the 

low‐end of accepted standards for mail surveys.  Brown et al. (1989) reported a range of 

response rates from 41.7 percent to 89.8 percent for 38 recreational surveys conducted by their 

research unit at Cornell University, with a mean response rate overall of 71.8 percent.  A lower 

response rate is likely to bias fish consumption estimates toward higher level consumers, 

leading to an overestimate of fish consumption rates.  This is because individuals who do not 

respond to surveys of this type are likely to consume considerably less fish than individuals who 

do respond (Connelly et al. 1992; West et al., 1989a,b). 

 

 While Region 2 attempted to correct for this non‐response bias by incorporating the data from 

the follow‐up interviews with non‐respondents, this adjustment was not made correctly.  

According to the HHRA (TAMS 2000), there were 919 non‐respondents to the survey, of which 

100 individuals were surveyed by telephone.  Of these 100 individuals, 55 (55 percent) reported 

that they consumed at least one fish meal during the survey period.  In attempting to correct for 

recall bias, Region 2 simply added the 55 consumers from the follow‐up survey to the 226 

anglers who consumed fish from flowing waters and then recalculated the consumption rate 

distribution for the resulting 281 individuals.  This approach does not give adequate weight to 

the remainder of non‐respondents.  If it is assumed that the subsample of the 919 non‐

respondents to the survey is representative of the entire non‐respondent population, this 

means that 55 percent of all non‐respondents, or 505 individuals, were consumers of fish. 

According to the data provided by respondents to the survey, 37.6 percent of the respondents 

who ate fish consumed fish from flowing water bodies.  If this same fraction is applied to the 

505 non‐respondents who consumed fish, it can be estimated that 190 non‐respondents 

consumed fish from flowing water bodies during the survey period. These individuals should 

have been included in the correction for non‐response bias to provide a total sample of 416 

anglers (226 respondents plus 190 non‐respondents).  Inclusion of these additional, non‐
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responding consumers would have resulted in substantially lower estimates of fish consumption 

for the total angler population.  (It should be noted that it was not possible to duplicate Region 

2’s recalculation of consumption rates for respondents and non‐respondents combined because 

adequate data to do so were not provided in the HHRA.) 

 

 The Connelly et al. (1992) survey overestimates consumption rates as a result of the long‐term 

recall bias (Westat Inc., 1989; West et al., 1989; Connelly et al., 1995).  

 

 Connelly et al. (1992) did not request that the respondents record information about the sizes of 

the fish meals they reported.  Given the lack of meal size data, Region 2 was forced to make 

assumptions about meal sizes, thereby adding considerable uncertainty to the fish ingestion 

estimates. For the Hudson River HHRA, Region 2 assumed that all meals were 0.5 pound in size 

(227 g).  This assumption is unfounded.  Meal sizes vary considerably among anglers and are 

often dependent upon the species of fish consumed.  For example, the Connelly et al. (1996) 

diary study of New York anglers demonstrated that meal sizes varied considerably by species 

(unpublished analysis of raw data; GE 2000).  While 65 percent of rock bass meals consumed by 

those anglers were ½ pound in size, 60 percent of calico bass meals were less than 0.5 pound 

(assumed by Connelly et al. 1996 to be 5 ounce portions).  Over all sport‐caught fish meal sizes 

reported in the Connelly et al. (1996) diary study, only 55 percent of them were 0.5 pound in 

size.  Thus, by assuming a single portion size of 8 ounces, Region 2 may have substantially over‐ 

or underestimated intakes by individual anglers and did not consider the variability associated 

with this parameter. 

 

 As previously mentioned, the instructions for completing the fish consumption matrix of the 

Connelly et al. (1992) survey instructed anglers to place a “?” in the appropriate box if they 

knew that they had eaten some fish but could not remember how many.  A total of 179 of the 

individuals who completed the matrix marked a “?” for at least one recorded fish meal, and 

some individuals reported a “?” for all fish meals consumed. Because it was not possible to 

reliably assign a fish consumption rate to the “?” responses, Region 2 eliminated all cases where 

a “?” was marked. Thus, Region 2’s approach eliminated individuals who were known to eat fish 

and thus added considerable uncertainty to consumption rates estimated.  

 

 Region 2’s analysis of the data attempted to segregate consumption by water body type and 

derive fish consumption rates for the Upper Hudson River based on reported consumption from 

all flowing waters in New York (TAMS/Gradient 2000).  Unfortunately, out of 17,788 meals 

reported by the anglers that completed the consumption matrix, 5,816 (33 percent of total 

meals) had no source water body identified (GE 2000); thus those meals could not be 

apportioned by water body type.  Region 2 attempted to offset this limitation by making 

assumptions about the relative rates of ingestion from standing vs. flowing water bodies but its 

inability to validate these assumptions contributed substantial uncertainty to the resulting fish 

ingestion rates. 
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 The goal of the fish consumption portion of the Connelly et al. (1992) survey was to determine 

whether anglers were eating types, sizes, or amounts of fish that were specifically limited by 

applicable advisories.  The species list in the survey was focused on those freshwater species 

and sizes that were listed in the statewide advisory.  Thus, some species and sizes relevant to 

the Upper Hudson River were not included in the survey, and conversely, some species and sizes 

that were not relevant were included.  For example, there was no provision for many of the pan 

fish species that are commonly caught and consumed by recreational anglers.  The only way in 

which these other types of fish could be captured in the survey was through inclusion of an 

“Other” category.  The omission of commonly consumed species and sizes other than the 

species and sizes listed may have impacted the ability of anglers to recall their meals of those 

other fish.  Thus, this aspect of the survey contributed additional uncertainty to Region 2’s fish 

ingestion estimates for the Upper Hudson River.  Region 2’s recommendation that the rate 

developed for the Upper Hudson River HHRA be used to estimate consumption from the LPRSA 

is even more problematic, because the LPRSA has different species and sizes of fish than are 

found in the Upper Hudson.   Because  the species targeted by anglers will differ in portions of 

the LPRSA, as will their sizes, this variability contributes an additional level of uncertainty to the 

consumption estimates derived for the Upper Hudson River when used as surrogate rates for 

the LPRSA. 

 

 The fish consumption rates calculated by USEPA Region 2 (TAMS/Gradient 2000) from Connelly 

et al. (1992) for the Upper Hudson River are not supported by the fish consumption rates 

calculated by USEPA’s (1997) Exposure Factors Handbook based on data collected from another 

statewide study of New York anglers conducted by Connelly et al. (1996), as shown below.   

 

 

 

Consumption

Rate 

Percentile 

Connelly et al. 

1992 

New York 

Multiple Riversa

Connelly et al.

1996 

New York 

All Watersb 

50th  4.0  2.2 

90th  31.9  13.2 

95th  63.4  17.9 

Arith. Mean  17.3  4.9 

a. TAMS/Gradient (2000) analysis (Upper Hudson HHRA) 

b. USEPA (1997) analysis (Exposure Factors Handbook) 
 

This later study by Connelly et al. (1996), which was specifically designed to collect long‐term fish 

consumption data and avoid the limitations associated with the 1992 study, was selected by USEPA as 

one of four “Key” studies of freshwater fish consumption in the 1997 EFH.   
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The Connelly et al. (1996) diary data do not permit fish meals to be segregated by water body type 

because individual meals were not attributed to a water body.  Thus, consumption rates derived from 

the Connelly et al. (1996) data include total sport‐caught consumption from all types of water bodies 

combined, including both standing and flowing waters.  As such, it is very likely that they substantially 

overestimate consumption from a single river, especially since they include consumption from Great 

Lakes fisheries.  Even so, the rates developed based on the Connelly et al. (1996) data are substantially 

lower than the rates that Region 2 is proposing based on the substantially less reliable Connelly et al. 

(1992) dataset. 

 

Region 2 briefly discussed the Connelly et al. (1996) data but apparently did not select this study as a 

basis for estimating consumption rates for the LPRSA.  No rationale was given as to why it was only 

discussed in the context of the recommendations from the 1997 EFH.  In addition, the Tech Memo 

includes several statements implying that Connelly et al. (1996) is a study that only pertains to fish 

consumption from Lake Ontario, although this is incorrect.  Connelly et al. (1996) was a survey that 

targeted anglers statewide who were known to fish Lake Ontario, but it also collected information about 

their consumption from all water bodies in the state of New York, including New York Harbor.  The study 

was specifically designed to be a consumption study that targeted the long‐term fish consumption rates 

of New York anglers.  It used a diary approach to collect long term fish consumption data, minimize 

potential recall bias, differentiate between sport‐caught and other fish, and identify portion sizes and 

preparation methods by meal and by species.  While the survey focused on anglers who were known to 

fish Lake Ontario, the data collected were not limited to Lake Ontario, and specific information was 

collected about consumption, including many rivers and streams throughout the state.  Thus, this survey 

provides valuable information about the consumption habits and preferences of New York anglers.  In 

addition, Connelly et al. (1996) did not include a prescribed species list but instead asked respondents to 

list the species of each sport‐caught meal consumed.    

 

Region 2’s analysis of the Connelly et al. (1992) data (TAMS/Gradient 2000) was also inconsistent with 

the limited findings on fish consumption reported by the authors of that study.  In their report, Connelly 

et al. (1992) stated that the average number of meals consumed by responding anglers was 11 meals 

per year.  If the meal size employed by Region 2, 0.5 pounds or 227 g, is applied to this consumption 

rate, the result is a mean estimated consumption rate of 6.8 g/day instead of the 17.3 g/day calculated 

by USEPA.  This rate reported by TAMS/Gradient is more than 2.5 times higher than the rate reported by 

the authors of the original study.   

 

Last, Region 2 has not addressed whether the demographics and target population covered by Connelly 

et al. (1992) are representative of the LPRSA.  As stated in the Hudson River risk assessment 

(TAMS/Gradient, 2000), the demographics of the 1991 New York statewide angler survey reasonably 

match the demographics of the Upper Hudson angler population.  However, the distribution of 

respondents by race in the New York statewide angler survey does not match the LPRSA well.  

Approximately 95% of respondents in the New York statewide angler survey were Caucasian, about 3% 

African‐American, and 2% other.  In the LPRSA, approximately 51% of the surveyed population is 

Caucasian, about 16% is African‐American, and about 32% is of Hispanic descent (Ray et al. 2007b).  The 
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impact of this disparity, as well as differences among other demographic factors, on calculated 

consumption rates, is not addressed in the Tech Memo.  This limitation of Region 2’s analysis introduces 

significant uncertainty into the results.   

Comparability of Data Sets Cited 

 

The RME fish consumption rate of 44 g/day is higher than the consumption rates used in any of the 

other Region 2 HHRAs presented in Table 2 of the Tech Memo, except those for subsistence fishing 

populations, which Region 2 acknowledges is not relevant at the LPRSA.  While Region 2 cites numerous 

studies as supporting the RME fish consumption rate, correction of the numerous inappropriate 

assumptions made in deriving the consumer only fish ingestion rates from these studies demonstrates 

that the majority of the studies cited do not support a fish consumption rate of 44 g/day.  The results of 

various fish consumption studies presented in Figure 2 have been not critically evaluated, including 

discussion of differences among the study methodologies and targeted populations.   Consequently, the 

impacts that these differences in approaches have on the estimated long‐term consumption rates is not 

addressed in the Tech Memo.  This is a major limitation of Region 2’s approach and results.  For 

example, while some of the studies are short‐term creel /intercept surveys of recreational anglers 

(Burger 2002; May and Burger 1996; Burger et al. 1998), some are long‐term intercept surveys (Ray et 

al. 2007), and others are long‐term mail or diary surveys (Ebert et al. 1992; Connelly et al. 1992; 

Connelly et al. 1996).  Still others are long‐term surveys that were designed with short‐term recall 

periods (West et al. 1989; 1993) or general population studies (CPIP and NJMSC 1993; 1991 Superfund 

Default) that are not specific to recreational fishing.  In addition, some of the values presented (USEPA 

1997, USEPA 2000) are not studies in and of themselves but are, instead, averages of multiple studies, 

most of which are already reported in Figure 2.  Region 2’s mixing of a variety of sources of data without 

clearly identifying their differences results in a confusing presentation, and confounds the ability to 

draw sound conclusions from the analysis. 

 

The reporting of these data without qualifying them is misleading.  As shown in the Figure 2, short‐term 

intercept surveys or longer term surveys with short recall periods (Burger 2002; May and Burger 1996, 

Burger et al 1998; West et al. 1989 and 1993) result in higher estimates of consumption than do longer 

term surveys (Ray et al. 2007; Connelly et al. 1992; Ebert et al. 1993; Connelly et al. 1996).  USEPA’s 

guidance recognizes that extrapolation of short‐term data to develop long‐term estimates results in 

unreliable estimates of the upper bounds of the fish consumption distribution (USEPA 1997, 2009).  The 

higher rates for the short‐term studies are not likely to be a reflection of different behaviors within the 

surveyed populations but are, instead, a reflection of the survey methodologies used (USEPA 1997; 

Ebert et al. 1994).  In addition, Region 2 has combined information about the arithmetic mean and 

standard errors associated with individual parameters in an effort to estimate upper‐bound 

consumption estimates but the assumptions that are necessary to complete this calculation are not 

supported by the information that is provided in the source documents.  All of this has contributed to 

highly uncertain overestimated rates of consumption for LPRSA anglers.   
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Region 2 has included fish ingestion rates from general population surveys [CPIP and NJMSC 1993; Pao 

et al. 1982 (the latter is the basis for the 1991 Superfund Default value reported)] in their analysis.  

These types of surveys are generally not relevant to estimating consumption of sport‐caught fish.  While 

the CPIP and NJMSC (1993) did collect limited information on consumption of self‐caught fish if the 

individuals surveyed reported that they consumed it, these individuals were not specifically targeted for 

the survey.  As a result, only five percent of all of the fish meals consumed were sport‐caught fish, and 

separate estimates of sport‐caught fish consumption were not provided.  Therefore, the consumption 

rates provided in the general population surveys and presented in Figure 2 of the Tech Memo are not 

specific to anglers who consume their own catch and they should not be compared to self‐caught fish 

consumption rates.  

 

Region 2 has also asserted that the available data appear to indicate that rates of consumption in New 

Jersey are higher than they are in other northeastern states or in the rest of the country.  While the 

analysis presented in the Tech Memo would appear to support this statement, the higher rates of 

consumption in the New Jersey area are an artifact of the survey methodologies used to collect the data 

and the assumptions used to develop them.  When one looks at studies that have been specifically 

designed to collect information about long‐term fish consumption rates, and compares mean values 

across all studies, it is clear that the New Jersey studies (Burger 2002, Burger et al 1998, May and Burger 

1996) are inconsistent with the other studies.   

 

In addition, the Connelly et al. study (1992) used in Region 2’s analysis and the Connelly et al. (1996) 

study selected by USEPA as a Key Study in the 1997 EFH, were both studies that evaluated consumption 

by anglers who fished New York’s freshwaters.  The Connelly et al. (1996) consumption rates, which is 

the more reliable of the two studies (for the reasons discussed above), are very consistent with the rates 

that have been reported for other relevant studies that are presented in Figure 2 and with the upper 

bound estimate of 17.5 g/day that is recommended by USEPA (2000) as the basis for establishing 

ambient water quality criteria that are protective of sport fishers.   

 

Finally, Region 2 included a composite subsistence fish consumption rate in Figure 2 (source cited as 

USEPA, 2000), despite its acknowledgement that there is no evidence of subsistence fishing in the 

LPRSA.  Since this rate is not relevant, it should be removed from the figure as it is not comparable to 

the other studies that are presented there and is not representative of consumption by the target 

population for the LPRSA. 

 

Issues with Other Burger Surveys Cited 

 

Region 2 uses the Burger et al. (1998) study of Barnegat Bay as support for its consumption rate of 56.6 

g/day.  Unfortunately, this study is subject to many of the same limitations as the Burger (2002) study, 

largely due to the fact that it was never designed to collect long‐term estimates of self‐caught fish 

consumption. It collected data during a three‐month period in the summer, but did not collect any 

information during the remaining nine months of the year and did not incorporate sample weighting.   It 

cannot be considered geographically or demographically comparable to the Newark Bay study in that 
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these data were collected in a much more rural area that is subject to high levels of seasonal and tourist 

activity.  In addition, while it reported a similar frequency of average fish meals per month (5.21 

meals/month for men and 3.92 meals/month for women at Barnegat Bay compared to 4.06 

meals/month reported for Newark Bay), this average meal frequency reported for the Barnegat Bay 

anglers represented total fish meal frequency (from all sources), and not the frequency of self‐caught 

meals.  According to Burger et al. (1998), men reported, on average that 49% of their meals were self‐

caught while women reported that an average of 25% of their meals were self caught.  There was no 

information collected on the number of months during which fishing occurred.  Region 2 calculated 

rates of approximately 50 g/day assuming that individuals fish and consume fish at these rates for 12 

months/year.  This is highly unlikely given the large number of tourists that were likely fishing.   It should 

be noted that the fraction of tourists vs. residents and the rates for each were not reported.  In addition, 

there is no reason to think that anglers in this more seasonal area would fish 12 months per year when 

the Burger (2002) study reported a value of 4.92 months per year as the average number of months 

fished during a year.  If the Burger (2002) reported frequency of 4.92 meals/year was applied to the 

population surveyed at Barnegat Bay and combined with the number of sport‐caught fish meals per 

month (on average 2.5 meals/month for men and 0.99 meals/month for women), then it would have 

resulted in annualized average consumption rate estimates of 9.7 g/day for men and 3.1 g/day for 

women. These data do not support the upper‐bound estimated rate of 56.6 g/day that Region 2 has 

estimated based on Burger (2002) and do not even support the average rate of 22 g/day calculated by 

Region 2 based on Burger (2002).  

 

Region 2 has also cited the May and Burger (1996) study as additional support for its estimated fish 

consumption rate. This study has limitations that are similar to those outlined for Burger (2002) and 

Burger et al. (1998).  It was conducted from mid‐May to the end of September along the Arthur Kill, and 

from July 15 to August 26 along Raritan Bay and the New Jersey shore.  Thus, it only collected data for 

four months of the year on the Arthur Kill and slightly more than one month of the year for the other 

two areas.  Most of the anglers interviewed on the Arthur Kill (85%) were local residents while the vast 

majority interviewed along Raritan Bay and the New Jersey shore were tourists (73% and 75%, 

respectively).  Again, only overall average values were provided in the publication and there was no 

specific estimate of consumption of sport‐caught fish.  While 20% of the anglers reported that they only 

ate the fish that they caught, the number of fish meals for this segment of the survey participants was 

not provided in the publication.  In addition, while 40% of the fishermen interviewed indicated that 

more than half the fish they ate were fish they caught themselves, no estimate of the number of sport‐

caught fish meals and no overall average was provided in the publication. The number of meals was 

reported on an average monthly basis but there was no estimate of the number of months fished. 

Seventy percent of the participants reported that they ate some of their catch.   

 

If it is conservatively assumed that 50% of the fish meals consumed were sport‐caught fish, then the 

average number of sport‐caught fish meals eaten per month would range from 2.15 to 2.4 

meals/month, depending on the area surveyed.  Using this range combined with average meal sizes 

reported for each area (ranging from 10.3 to 11.5 ounces or 292 to 326 g), and the average number of 

months fished reported by Burger et al. (2002) (4.92 months/year), it can be estimated that anglers from 
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the Arthur Kill, Raritan Bay, and the New Jersey Shore ate sport‐caught fish at annualized average daily 

rates of 10.5, 9.1 and 8.7 g/day, respectively.  Again, these do not support the estimates developed by 

Region 2 based on Burger (2002). 

 

Comparison with Other Region 2 Sites  

Region 2 has included, as additional justification for its selected rates of consumption, a comparison 

with rates that have been used at other Region 2 sites.  Based on this comparison, Region 2 reports that 

its selected rate of 44 g/day is higher than the average across the relevant studies but is within the 

range of ingestion rates used in Region 2 decisions since 1991. There are two problems with these 

conclusions.  First, since subsistence fishing is not a concern at the LPRSA, as acknowledged by Region 2 

in the Tech Memo (p.12), it is misleading to include a comparison of the selected rates with those 

derived from studies pertaining to Native American populations.  When those studies are removed from 

the figure, it can be seen that Region 2’s statement is misleading and incorrect.  The average of the two 

upper bound rates selected by Region 2 (44 g/day) is substantially higher than the rates used at other 

sites that do not include Native American populations.  In addition, when considered separately, the 

rate derived from Burger (2002), 56.6 g/day, is even more inconsistent with the rates used at other sites.  

While the upper‐bound rate derived from the Connelly et al. (1992) study is within the range of rates for 

other sites, this is largely because these same data and consumption estimates were used to derive 

values for five of the 12 relevant sites shown in Figure 3, but is higher than the rates used at other sites 

reported in the table. 

 

The second problem is that not all sites are the same and not all water bodies have the same levels of 

fishing activity, fisheries, target populations, or consumption patterns.   Region 2 appears to require  

uniformity in risk assessment for sites within the Region; however, such an approach is not appropriate 

or justified, particularly with regard to the fish/crab consumption exposure pathway.  There is 

considerable USEPA guidance on fish consumption risk assessment (USEPA, 1989a,b; 1997; 1998; 

2000a,b) and all stress the importance of considering site‐specific factors when selecting appropriate 

consumption rates.   This is also reflected in USEPA’s decision to not present recommended default 

consumption rates for freshwater recreational anglers from the draft EFH: 2009 Update because of 

geographical diversity and site‐specificity in recreational fishing patterns (USEPA, 2009). 

 

Consistent with USEPA guidance, it is most important to consider site‐specific characteristics when 

selecting a fish consumption rate rather than focusing on uniform (“one size fits all”) approaches taken 

at other sites.  The LPRSA is not directly comparable to any of the sites listed by Region 2 because it 

includes both freshwater and estuarine sections.  As a result, while there is overlap, the species that are 

present there are not identical to either those in the larger Newark Bay Complex or in freshwater 

fisheries but are, instead, a combination of the two.  In addition, the demographics differ from other 

sites.  Given these differences, it is most important to attempt to capture, to the extent possible, the 

specific behaviors of the anglers who fish the LPRSA.  Region 2’s Tech Memo fails to adequately address 

this factor; rather it relies on rote uniformity that neglects consideration of site‐specific characteristics.  
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Consequently, Region 2’s comparison of sites and corresponding rates to its new consumption rates is 

flawed. 

 

Fraction Ingested 

 

Region 2 has directed use of a FI value of 1 for both the RME and CTE fish and crab consumption 

scenarios.  Region 2 cites as rationale for this assumption the adequate quantity and quality of the 

LPRSA fishery, the large population that lives and works in the vicinity of the site, and access to the river 

via parks, docks, parking lots, and residences abutting the river.  Moreover, it relies heavily on 

redevelopment and restoration plans without regard to the probability that they will actually occur, 

stating that, “if implemented, will make the area more amenable to fishing and crabbing.”  Region 2 also 

states that use of a FI of 1 is consistent with recommendations in RAGS Part A guidance (USEPA 1989), 

as well as Region 2 practice at other contaminated sediment sites.   

 

Region 2 has cited the following statement from USEPA (1989), “Residents near major commercial or 

recreational fisheries or shell fisheries are likely to ingest larger quantities of locally caught fish and 

shellfish than inland residents” [p. 6‐43] as justification for assuming a FI value of 1.  This quote does not 

support the tacit assumption that the assessment of fish/crab risk at sites located near major 

commercial or recreational fisheries should automatically assume a FI value of 1.  Rather, it simply 

indicates that those living near such a fishery are more likely to ingest larger quantities of locally caught 

fish than inland residents, not that all their fish would be sport‐caught fish from the single local source.   

 

While not noted by Region 2 in the Tech Memo, USEPA (1989) also states that FI for fish and shellfish is a 

“pathway‐specific value” and “should consider local usage patterns.” [p. 6‐43].  If a consumption rate 

that is not based on site‐specific data is used to evaluate fish/crab risks specific to the LPRSA, then the 

use of a FI value less than 1 is warranted.  A household survey of recreational anglers in the Five County 

area around the LPRSA (Essex, Hudson, Passaic, Bergen, and Union counties) found that these 

individuals fish at several water bodies in the area, including the LPRSA, the Passaic River above Dundee 

Dam, Newark Bay Complex, the Hackensack River, and numerous small ponds and rivers in the area 

(Bingham et al. 2011).  Thus, there are data to support the assumption that not all of the recreationally 

caught fish consumed by LPRSA anglers comes from the LPRSA. 

 

Use of a FI value less than 1 is supported by precedent at several other large sediment sites, including 

the Aberjona River and Sudbury River in Massachusetts, the Kalamazoo River in Michigan, and the West 

Branch of the Grand Calumet River in Indiana.  At each of these sites, a FI value of 0.5 was used for the 

RME recreational angler fish consumption scenario in conjunction with a consumption rate based on a 

surrogate water body, based on the fact that other desirable fishing locations are located within close 

proximity.   
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Summary and Conclusions 

 

As previously discussed, despite agreement to do so, Region 2 did not apply a consistent or objective set 

of review criteria to critically evaluate studies under consideration as a basis for the development of fish 

and crab consumption rates for the LPRSA HHRA.  Even though survey results can be substantially 

impacted by the manner and purpose for which the study is conducted (e.g., higher rates typically 

estimated from short‐term studies due to survey methodologies [USEPA 1997; Ebert et al. 1994]), 

Region 2 failed to consider the impact of using a study designed to evaluate differences in fish/crab 

consumption patterns among various ethnicities and results of a mail survey focused on angling and 

consumption behavior as it relates to fish consumption advisories rather than studies specifically 

designed to provide data on long‐term fish consumption rates as the primary bases for estimating fish 

consumption rates.  Although raw data were not available, Region 2 eliminated reported non‐consumers 

from the summary results of Burger (2002), even though it could not be determined whether they 

represented true “non‐consumers” (i.e., never ate fish from the area) or they simply had not eaten any 

fish meals during the time specifically asked about in the survey.  Similarly, all cases for which a “?” was 

recorded in the consumption matrix, indicating that the individual had consumed fish but could not 

recall how much, were eliminated from the Connelly et al. (1992) dataset.  Region 2 has failed to 

acknowledge or address the limitations associated with these studies that make them unsuitable as the 

basis for the fish consumption rate for the LPRSA.  In addition, rather than using a statistically valid 

approach, the high‐end consumption rate from each of the manipulated datasets were then averaged 

and this average is proposed by Region 2 as the high‐end fish consumption rate for the LPRSA.   

Region 2 also incorrectly concludes that the site‐specific fish consumption survey results for the lower 

six miles of the LPRSA cannot be used in estimating a RME fish consumption rate based on the 

identification of only seven consuming anglers from the 61 surveyed and cites several USEPA documents 

as supporting this position, although not one of them was confirmed to support the exclusion of non‐

consumers for the estimation of RME fish consumption rates.  Furthermore, Region 2 failed to consider 

the differences in the edible mass of crab tissue assumed in Burger 2002 and the results of the CPG’s 

2009 crab sampling program (an approved EPA collection program) in identifying a crab consumption 

rate.  Finally, Region 2 argues that use of a FI that is less than one is not appropriate for the LPRSA and 

states that this position is consistent with recommendations in RAGS (USEPA, 1989), while RAGS 

indicates that a FI of less than 1 for the fish ingestion exposure pathway should take into account local 

angler usage patterns and water body characteristics.   

The flaws in Region 2’s consumption rate estimates are numerous and the consumption rates 

themselves are not only unrealistic for the LPRSA, but they are substantially higher than rates used at 

other Region 2 sites without Native American subsistence fishing populations.  There is considerable 

USEPA guidance on fish consumption risk assessment (USEPA, 1989a,b; 1997; 1998; 2000a,b) and all 

stress the importance of considering site‐specific factors when selecting appropriate consumption 

rates.  Furthermore, a fraction ingested (FI) value of 0.5 has been used in the fish consumption pathway 

in several sediment site risk assessments in the northeast based on proximity of other more desirable 

and/or accessible sportfishing/crabbing  water bodies.  Therefore, it is unclear why Region 2 has 
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proposed fish/crab consumption rates and a FI that are not supported by guidance, standards for 

scientifically defensible data analysis, and valid site‐specific data. 

CPG Proposed Alternatives 

  

Consistent with both the hierarchy set forth in Region 2’s Tech Memo and USEPA guidance (2000), the 

fish and crab ingestion rates should be based on site‐specific data to the extent possible.  Thus, CPG 

believes that data generated by a CAS to be conducted by the CPG for the entire 17.4 miles of the LPRSA 

should be used to derive site‐specific fish and crab consumption rates, once those data are available.1  In 

the interim, CPG recommends a range of consumption rates be evaluated for both fish and crab, such as 

the following: 

 17.5 g/day → fish/shellfish consumption rate used by USEPA and NJDEP to derive water quality 

criteria protective of the general public, as well as the average sport angler (USEPA 2000).  The 

17.5 g/day rate is based on per capita intake of freshwater and estuarine finfish and shellfish by 

the general population and represents the 90th percentile of the 1994‐96 USDA CSFII Survey 

(Continuing Survey of Food Intakes by Individuals).  This rate is supported by at least two of the 

studies included in Region 2’s Tech Memo (Connelly et al. 1996 and Ray et al. 2007a,b), both of 

which are superior to the two studies selected by Region 2 as the basis of the new consumption 

rates.  Since the 17.5 g/day rate includes intake of both finfish and shellfish, it can be used to 

estimate both fish and crab consumption risks.   

 7.5 g/day → “One meal per month” consumption rate used at other sediment sites to provide 

information to the public and decision‐makers on potential risks associated with consumption of 

various types of recreationally caught fish/crabs.  This type of approach has been used in other 

sediment site HHRAs where remediation is expected to take decades before advisories can be 

relaxed to provide a range of risk information for consideration in remedial decision‐making 

(e.g., Lower Duwamish Waterway). 

These rates provide reasonable policy alternatives to deriving rates based on studies that are not 

relevant or appropriate for estimating long‐term fish and crab consumption in the LPRSA, and can be 

used for the RME and CTE scenarios.  They are comparable to the upper‐bound and mean fish 

consumption rates of 17 g/day and 4.7 g/day, respectively, for consuming anglers based on Tierra’s 

2000‐01 CAS.    

CPG recommends that a FI value less than 1 be used for both the fish and crab ingestion scenarios.  For 

the RME crabber, a FI value of 0.5 is recommended.  This is considered very conservative, based on the 

documented minimal usage of the Study Area by anglers for crabbing.  A FI value of 0.5 assumes that 

half of the crab consumed comes from outside of the LPRSA.  A FI value of 0.25 is recommended for the 

                                                            
1 CPG recommends that survey data which will be generated in 2011‐12 from a new CAS of the entire 17.4 mile 
study area be used in developing new study area‐wide consumption rates for use in the baseline HHRA.   
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CTE scenario, which is one‐half of the RME FI value. The use of a CTE value that is one‐half of the RME 

value is consistent with Region 2’s approach for a number of other exposure parameters.   

The use of a FI value less than 1 should be considered for the fish ingestion scenarios pending the results 

of the Study Area wide CAS.  Given the close proximity of several other desirable fishable water bodies 

to the LPRSA, it is likely that recreational anglers who fish at the LPRSA obtain a sizable portion of their 

catch outside of the Study Area.  The CAS questionnaire has been designed to collect data on the 

amount of angling that occurs outside of the Study Area.
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Comment  Page  Section  Statement from July 25 Tech Memo  Issue  Correction and/or Clarification 

1  1  1.0  The Cooperating Parties Group 
(CPG) proposed using a fish 
consumption rate of 1.8 g/day for 
the Lower Passaic River 

Incorrect  None of the LPRSA risk assessment planning 
documents submitted by CPG to USEPA Region 2 
proposed use of a fish consumption rate of 1.8 g/day.  
Rather, CPG proposed conducting a new creel/angler 
survey (CAS) of the LPRSA, and estimating 
consumption rates based on the results of that survey.   
However, Region 2 has rejected CPG’s proposal to 
conduct a CAS as part of the RI/FS for the site. 

2  1  1.0  Anglers with zero fish consumption 
are not exposed through a fish 
consumption pathway and cannot 
be considered as part of the RME for 
individuals who may be exposed 

Unsupported   The basis for Region 2’s statement that non‐
consumers cannot be considered in developing a RME 
consumption rate is not clear and no verifiable source 
for this stated policy was located, despite checking the 
references cited by Region 2.  In fact, the default 
consumption rates for recreational anglers presented 
in USEPA’s Exposure Factors Handbook (the rates that 
Region 2 was previously proposing to use for the 
LPRSA baseline HHRA) are based on analyses that 
included both consuming and non‐consuming anglers 
(USEPA 1997).  USEPA’s Guidance for Conducting Fish 
and Wildlife Consumption Surveys (1998) states the 
following (p.4‐8):  
 
“The decision on whether to include these 
respondents [nonconsumers] in the consumption 
estimate or exclude them is dependent on the specific 
goal of the risk assessment.  Per capita consumption 
rates by definition would include nonconsumers and 
consumers of fish.  Including the zero‐consumption 
respondents is a more accurate representation of the 
overall fish consumption rate for a population, but it 
also underestimates the mean consumption rate of 
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Comment  Page  Section  Statement from July 25 Tech Memo  Issue  Correction and/or Clarification 

those who eat fish from the target site by diluting the 
estimated mean consumption with nonconsumer 
zeros.  Thus using the estimated mean per capita fish 
consumption could seriously underestimate the risk to 
regular consumers of fish.  An alternative approach, 
which is more conservative with regard to risk, is to 
use an upper percentile of the per capita fish 
consumption distribution, such as the 90th, 95th, or 
99th percentile, for risk assessment purposes.  If on 
the other hand, the decision is made to exclude 
nonconsumers of fish from the analysis of the survey 
results, the researcher must be able to distinguish 
between the respondents who never eat fish and the 
respondents who eat fish but did not eat fish during 
the recall period.  The latter should be included in 
consumption rate calculations.” 
 
While Region 2 has decided to exclude non‐consumers 
in its calculation of consumption rates presented in 
the July 25 Tech Memo, Region 2 has not clearly 
demonstrated that excluded respondents represent 
true non‐consumers.  For both of the studies selected, 
it is possible that occasional consumers were miss‐
classified and inappropriately excluded from the 
analysis, thereby omitting an important segment of 
the target population, and resulting in overestimates 
of consumption rate for consuming anglers.   This 
uncertainty is not acknowledged in Region 2’s Tech 
Memo. 

3  1  1.0  Fish consumption rates from Ray et 
al. (2007b) that are based only on 

Incorrect  The maximum fish consumption rate from Ray et al. 
(2007b) is 23.95 g/day (Table 3), not 28 g/day as 
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anglers who consume fish from the 
Lower Passaic River are 23.95 g/day 
(maximum estimated using 
probabilistic calculations) and 28 
g/day (the actual reported 
maximum) 

stated by Region 2. The reported fish consumption 
rate of 28 g/day is the result of one of the sensitivity 
analyses that applied a 100% probability of catching a 
fish (see page 521‐522 of Ray et al. (2007b)).  Further, 
the maximum of 23.95 g/day was calculated using 
statistically derived sampling weights, not probabilistic 
calculations.  

4  1  1.0  These two values are comparable to 
the 26 g/day consumption rate for 
anglers recommended in EPA's 
Exposure Factors Handbook (EPA 
1997) (errata at www.epa.gov 
/ncea/pdfs/efh/addendum‐
table.pdf) 

Incorrect  The default value from USEPA’s Exposure Factors 
Handbook from 1997 of 26 g/day is an upper 
percentile, not maximum, rate based on consuming 
and non‐consuming anglers as acknowledged in 
Region 2’s technical memo on page 9 and is, therefore, 
not directly comparable to the maximum value from 
Ray et al. (2007).  The equivalent rate from the 2000‐
2001 Creel Angler Survey (CAS) is 1.8 g/day.  If 
calculations are based on consumers only, the 95th 
percentile rate from the 2000‐2001 CAS is 17 g/day, 
which is 34% less than the default value of 26 g/day.   

5  1  1.0  The work plan for the survey 
described in Ray et al. (2007b) was 
submitted to EPA for review and 
was not approved, because it was 
inconsistent with EPA guidance in 
planning   

Taken out of 
context and 
incorrect 

Region 2’s dismissal of the 2000‐01 CAS as a source of 
site‐specific data due to lack of USEPA approval of the 
work plan is not justified given that neither of the two 
studies used to derive the new RME fish consumption 
rate of 44 g/day followed an USEPA‐approved work 
plan.  Further, the work plan was peer reviewed by an 
expert panel (Finley et al. 2003), and studies based on 
the survey were published in peer reviewed journals 
(Kinnell et al. 2007; Ray et al. 2007a,b).   
 
The work plan, implementation, and analysis of the 
2000‐2001 CAS were performed in accordance with 
USEPA guidance and recommendations.  In fact, 
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performance of a CAS to satisfy the screening level 
human and ecological risk assessment at the LPRSA 
was originally mandated by Region 2.  Region 2’s 
decision to ultimately not approve the final CAS work 
plan was never clearly spelled out, and the Agency has 
yet to provide valid criticisms of the year‐long survey.   
 
Region 2 has also used the results from the 2000–01 
CAS in its own 2007 draft LPR human health risk 
assessment to determine which fish species were most 
commonly caught and consumed at this site.  This is 
not surprising given that the peer‐reviewed, year long 
CAS is the only study of its kind in the region.  Clearly, 
the 2000‐01 CAS provides value, and warrants greater 
recognition and consideration than it has been given 
by Region 2 in its Tech Memo. 

7  2  1.1  Non‐consumers will not be further 
evaluated since the fish ingestion 
exposure pathway is not complete.   

Fish 
consumption 
by reported 
non‐
consumers is 
not 
necessarily 
zero 

Reported non‐consumers are sometimes an artifact of 
the survey methodology.  It is not clear how non‐
consumers were identified in the Burger (2002) study, 
and therefore, it cannot be determined whether they 
were truly non‐consumers (i.e., never consume self‐
caught fish or crab) or occasional consumers that were 
not captured in the analysis, as they represent an 
important segment of the target population. 

8  2  1.1  Approach of evaluating only fish 
consumers is consistent with the 
Risk Assessment Guidance for 
Superfund (RAGS) – Part A (EPA 
1989) that defines the RME as the 
maximum exposure that is 
reasonably expected to occur under 

Taken out of 
context and 
does not 
directly 
support 
exclusion of 
non‐

As stated in RAGS (pg. 6‐21), some intake variables 
may not be at their individual maximum values but 
when in combination with other variables will result in 
estimates of the RME.  Intake variable values for a 
given pathway should be selected so that the 
combination of all intake variables results in an 
estimate of the RME for that pathway.  It is not 
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baseline conditions and is not a 
worst‐case exposure scenario. 

consumers  necessary or desirable to set each intake variable at its 
absolute maximum as the result will not likely be 
representative of any potentially exposed individual 
and, therefore, is not “reasonable”. 

9  2  1.1  RAGS Part A recommends the 
following procedures for calculating 
a contact rate. “Contact rate reflects 
the amount of contaminated 
medium contacted per unit time or 
event. If statistical data are available 
for a contact rate, use the 95th 
percentile value for this variable” 
(EPA 1989, p.6¬22). Consistent with 
this recommendation, in those cases 
where fish ingestion rate data are 
available and supportive of 
statistical calculations, the 95th 
percentile is used in the calculation 
and is noted in the text.   

Taken out of 
context 

RAGS further states in the next paragraph (pg. 6‐22) 
that “Sometimes several separate terms are used to 
derive an estimate of contact rate. In such instances, 
the combination of variables used to estimate intake 
should result in an estimate approximating the 95th 
percentile value.”  Therefore, it is not necessary or 
desirable for each intake variable to be set at its 
individual 95th percentile.  If a RME fish consumption 
rate that considers consumers only is used in 
combination with maximum or 95% UCL fish 
concentrations and 90th and 95th percentile exposure 
assumptions, the resulting exposure estimate will 
almost certainly be above that reasonably likely to 
occur in the population of concern (i.e., compounding 
conservatism from combining several upper bound 
assumptions).   

10  3  1.1  “Based on these guidance 
documents, this analysis evaluates 
the number of anglers reporting fish 
consumption in the available 
surveys, variability in fish ingestion 
rates across surveys, and 
consistency with fish ingestion rates 
used by Region 2 in Records of 
Decision since 1991.” 

Inappropriate 
reference to 
USEPA 
guidance, and 
deficient list 
of evaluation 
criteria  

The guidance documents referenced in this statement 
(USEPA 1989 and USEPA 1991) are of limited relevance 
to establishing a framework for evaluating 
consumption surveys, including the evaluation criteria 
that should be used to assess their suitability.  Region 
2’s inference that USEPA (1989, 1991) provide a basis 
for focusing the analysis on the number of fish 
consumers surveyed, variability in ingestion rates 
across surveys, and consistency with rates used in 
Region 2 RODs represents flawed logic, as these 
criteria have little to no bearing on the suitability of a 
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particular survey to the task at hand.  Variability in 
ingestion rates is expected based on the inherent 
differences in water bodies and angler populations.  
Consistency with rates used in prior regional RODs is 
also of limited usefulness in assessing the utility or 
quality of a particular study for the same reason. Each 
site is unique and warrants independent consideration 
of its site setting, water body and fishery 
characteristics, and target population.  Use of criteria 
focused on consistency in an exposure parameter that 
is inherently variable will not result in an outcome that 
is useful or meaningful and undermines the 
importance of site‐specific risk assessments.   

11  3 
 

2.0  Fish and crab consumption surveys 
relevant to the 17.4‐mile area of the 
LPRSA were identified based on the 
criteria outlined in EPA’s 2000 
Ambient Water Quality Guidance 
(EPA 2000). The analysis is organized 
by the following data sources: 
 
(1) use of local data; 
(2) use of data reflecting similar 
geography/population groups; 
(3) use of data from national 
surveys; and 
(4) use of EPA’s default intake rates. 

USEPA 2000 
does not 
outline 
criteria for 
identifying 
relevant 
studies or 
evaluating 
their quality 

USEPA (2000) does not list criteria for identifying 
relevant studies or evaluating their quality; rather, it 
provides a hierarchy for identifying potential sources 
of consumption data.  While use of the hierarchy is 
sound, Region 2 failed to establish a systematic 
process for identifying relevant studies for 
consideration and considering the ability of the survey 
designs to address consumption from the LPRSA.  
Thus, many of the studies that Region 2 identified as 
potential data sources are not relevant or appropriate 
for the task at hand.  Because of design issues, several 
of the studies are not suitable for deriving long‐term 
consumption rates.  In several of the other studies, the 
population surveyed is not similar or the geography is 
not similar the LPRSA.  More detail is provided in 
subsequent comments. 

12  5  2.1a  As indicated in Figure 1, the one 
local survey conducted by Ray et al. 

Not a valid 
reason for 

It is true that the 2000‐2001 CAS captured 7 
consuming anglers.  However, simply citing the 
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(2007b) had 7 reported consumers 
and the lowest number of fish 
consumers of all of surveys 
analyzed. 

excluding the 
study 

number of anglers interviewed does not reflect the 
level of study design to ensure that anglers in the 
LPRSA were properly captured and shows a lack of 
understanding regarding a probability sample.  As an 
analogy, the U.S. decennial Census 2000 was 
statistically designed to account for factors such as 
deterrence and missed respondents, which would 
undercount segments of the population if direct, door‐
to‐door interview of every household was attempted.  
The census was designed this way so that the data 
obtained from the fraction of the population that 
responded to the census can more accurately 
represent the entire U.S. population (Wright and 
Farmer 2000). Some of these same factors were also 
considered in surveying the Lower Passaic River 
anglers. 
  
Anticipating that the angling population in the LPRSA 
would be relatively small, and that angler visits to the 
area would be fairly infrequent, the CAS was not 
designed to employ a conventional random sampling 
of anglers fishing in the area.  Instead, the CAS was 
designed to systematically capture a high proportion 
of anglers visiting the LPRSA, a study objective that 
required consistent and frequent survey visits over an 
extended period of time.  Thus, a year‐long survey was 
conducted that included boat‐based counts performed 
on 143 days of which fishing activity as a percent of 
total count days was 66%.  Plus, interviews were 
performed on 101 days.  From the boat‐based counts, 
anglers were counted 789 times and intercepted 84 
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times.  This resulted in identifying 61 individual 
anglers, of which 7 stated that they would consume 
the fish they caught.  Plus, these values do not account 
for the estimated sample weightings factors that 
would correspond to the data if it were a probability 
sample from the true population of anglers.  Thus, 
incorporating the sampling weights resulted in an 
estimated angler population of 385 anglers, 34 fish‐
consuming anglers, and no anglers who reported 
consuming crab (Ray et al. 2007b, Table 2).   
 
Population rates that account for avidity are important 
because of the 7 consuming anglers, 5 were avid 
(sampling weights were 1), the other two had 
sampling weights of 4 and 7, plus estimates from the 
missed creel reports were included to round out the 
population to an estimated 34 fish‐consuming anglers.  
The size of this population captured during a survey 
administered ten years ago may even be conservative 
given that the most popular fishing location in the 
2000‐2001 CAS, the Hess Gas Station, is no longer a 
viable fishing spot.  Thus, contrary to Region 2’s 
assumption on page 13 of the technical memo that in 
the future the river will be more accessible to fishing, 
we have witnessed that in the 10 year time span since 
the 2000‐2001 CAS, there has been a loss of a popular 
fishing locations.  All these issues, including Region 2’s 
concern that the 2000‐2001 CAS captured 7 
consuming anglers, will no longer be an issue once the 
CAS of the entire LPRSA is complete.   

13  5  2.1a  Table 6 in Ray et al. (2007b)  Incorrect  The fact that only seven consuming anglers were 
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reported that only 11% of those 
surveyed reported consuming fish 
(i.e., 7 out of 61 anglers surveyed). 
The small number of consumers 
limits further statistical analyses in 
that it would result in a large 
variance around the estimated 
ingestion rate. 

identified simply indicates that the population of 
people who consume fish from the lower Passaic River 
is small.  According to the Exposure Assessment 
Guidelines (USEPA, 1992), when statistically based 
sampling is used to generate data, relevance is a 
function of how well the sample represents the 
medium or parameter being characterized.  Therefore, 
the most appropriate sample population from which 
to calculate statistically‐derived fish consumption 
rates is the population surveyed in the year‐long LPR 
CAS, regardless of the number of consumers 
identified. 
 
Region 2’s statement also shows a lack of 
understanding regarding a probability sample, which is 
statistically designed to capture a sample of the target 
population, and through use of sampling weights, 
calculate consumption statistics for the full target 
population.  As discussed in Ray et al. (2007b), once 
the sampling weights have been properly calculated 
and applied, the size of the consuming angler 
population in RM 1‐7 is estimated to be 34, not 7.    

14  5  2.1a  Therefore, in accordance with EPA 
guidance (EPA 1992), the small 
number of consumers and the 
minimal consumer specific data 
provided by Ray et al. (2007b), limit 
evaluation of the consumption rate 
to the maximum reported 
consumption rate 

Incorrect  Region 2’s has referenced 1992 guidance related to 
calculating the “concentration term” for use in risk 
assessment.  This guidance is intended to be used to 
calculate upper‐bound concentrations for 
environmental data sets, including those with limited 
numbers of samples.  It is not intended for use in 
calculating statistics from survey data collected using a 
probability based methodology.   

15  5  2.1b  All of the studies chosen for use in  Incorrect  This is not accurate for the New Jersey Statewide 
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estimating LPRSA fish consumption 
rates were published in the peer‐
reviewed literature or by EPA  
following an external review process 

Survey conducted in 1993.  It is also not clear whether 
Connelly et al. 1992 received peer review.  It is cited in 
the USEPA Exposure Factors Handbook, but the study 
was published in a state document, not by USEPA, and 
was not published in the peer reviewed literature. 

16  6  2.1b  Region 2 alludes to ”several 
concerns with use of the [Ray et al. 
2007a,b] survey data for the LPRSA 
human health risk assessment 
(Mugdan 2010, Buchanan 2010).” 

Unsupported  This statement is based on two letters to the editor of 
Science of the Total Environment (STE) submitted by 
Region 2 (Mugdan, 2010) and NJDEP (Buchanan et al., 
2010) in response to publication of the Urban et al. 
(2009)  LPR HHRA in STE.  In these letters to the editor:

 USEPA indicated that the fish ingestion rates 
calculated by Ray et al. (2007a,b) were 
considered to be artificially low since they 
included non‐consuming anglers and, 
therefore, were inappropriate for use in risk 
assessment as they would underestimate the 
exposure and health risks associated with LPR 
anglers (Mugdan, 2010); and 

 The NJDEP indicated that data collected during 
the 2000‐01 LPR CAS were not valid for use in 
a LPR risk assessment because the CAS had 
not been approved by the USEPA due to 
unspecified “significant flaw[s]” (Buchanan et 
al., 2010). 

The CPG disputes the validity of both comments based 
on the fact that USEPA’s default consumption rates 
include both consumers and non‐consumers, and 
exclusion of the 2000‐01 CAS data because the work 
plan was not approved is inappropriate when Region 
2’s preferred non‐site‐specific studies also did not 
follow an USEPA‐approved work plan. 



Attachment B 
Table 1: Summary of Statements from USEPA Region 2’s July 25 Technical Memorandum  

Warranting Correction and/or Clarification 
 

September 6, 2011  11   

Comment  Page  Section  Statement from July 25 Tech Memo  Issue  Correction and/or Clarification 

 
The following responses were published in STE by the 
authors of the original LPR HHRA (Urban et al., 
2010a,b) in response to the USEPA and NJDEP 
comments:  
 

 Urban et al. (2010a) noted that non‐
consuming anglers are included in the 
derivation of USEPA default fish ingestion 
rates (Ebert et al. 1993, Connelly et al., 1996), 
as stated explicitly in the USEPA’s Exposure 
Factors Handbook (USEPA, 1997); 

 Urban et al. (2010a) also noted the expert 
panel that provided extensive review of the 
CAS design (Finley et al., 2003), and USEPA’s 
own RAGS guidance, which recommends use 
of site‐specific data over default values when 
such data are available (USEPA, 1989); 

 Urban et al. (2010b) noted that the USEPA 
used the results from the 2000–2001 LPR CAS 
in its own 2007 draft LPR HHRA to determine 
the fish species most commonly caught and 
consumed at this site and that it is doubtful 
that Region 2 would have relied on the results 
of a study that they deemed to contain 
significant flaws. 

17  8  2.1c  Figure 2  Incorrect  The rate attributed to Ray et al. 2007b is incorrect.  
The maximum rate based only on anglers consuming 
fish from the 2000‐01 CAS was 23.95 g/day.  However, 
Figure 2 should be corrected to present the 95th 
percentile and mean consumption rates for consuming 
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anglers of 17 g/day and 4.7 g/day, respectively. 

18  8  2.1c  Ray et al. (2007b) stated that 2 of 
the 7 anglers consumed more than 
20 g/day, with a maximum rate of 
28 g/day. 

Taken out of 
context 

This statement applies to the result of a sensitivity 
analysis performed that applied a 100% probability of 
catching a fish and is not part of the primary analysis.  
The maximum rate based only on anglers consuming 
fish from the 2000‐2001 CAS was 23.95 g/day and the 
95th percentile was 17 g/day. 

19  8 ‐11  2.1c  Discussion of EPA default 
consumption rates cited as support 
for the RME fish consumption rate 

Does not 
support 
exclusion of 
non‐
consumers 

The recommended fish consumption values in the 
Exposure Factors Handbook (USEPA, 1997) are based 
on both consumers and non‐consumers. 

20  10  2.1c  Michigan data (West et al. 1989, 
1993) used in the defaults included 
consumers only 

Incorrect; 
both studies 
included non‐
consumers 
and 
consumers 

West et al. 1989:  Includes consuming and non‐
consuming anglers [See page 10‐14 of EFH] "The 
distribution shown in Table 10‐63 is based on 
respondents who consumed recreational caught fish. 
As mentioned above, these represent 75 percent of all 
respondents and 84 percent of respondents who 
reported having fished in the prior year. Among this 
latter population, the mean recreational fish intake 
rate is 14.4*0.84=12.1 g/day; the value of 38.7 g/day 
(95th percentile among consumers) corresponds to 
the 95.8th percentile of the fish intake distribution in 
this (fishing) population."]  Assumed 8‐oz. (228 g) meal 
size for all. 
 
West et al. 1993: Represents respondents who 
reported that they currently eat fish, although this 
may include respondents who did not eat fish in the 7 
days of the recall survey. Thus, the calculated mean 
includes "non‐consumers" during the 7‐day survey 
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period.  Based on responses, meal sizes were assumed 
to be 5‐oz (142.5 g), 8‐oz. (228 g), or 10‐oz. (285 g). 

21  10  2.1c  Mention of EPA’s Office of Water 
default recommendation of 142.4 
g/day for subsistence fishers (EPA 
2000) 

Misleading  References to subsistence fisher consumption rate are 
not germane for the LPRSA since there is no evidence 
of subsistence there.  Accordingly, the reference 
should be removed, or, at a minimum, qualified as to 
its irrelevance to this analysis. 

22  10  2.1c  Of the surveys identified, only the 
1997 EFH (EPA 1997), Burger 
(2002) and Connelly et al. (1992) 
contain enough information to 
calculate statistical distributions 
for the ingestion rates. 

Incorrect  Burger (2002) does not contain enough information to 
calculate reliable and accurate statistical distributions 
for ingestion rates.  The only data provided are means 
and standard errors for a subset of parameters used to 
estimate consumption rates, and a series of bar graphs 
that provide monthly consumption for six broad 
ranges by the percent of anglers interviewed.   
Because the original survey data and analysis are no 
longer available, Region 2 has used these limited data 
to estimate upper bound consumption rates that are 
not robust.    

23  11  3.0  The RME fish ingestion rate 
identified for the LPRSA (44 g/day) is 
higher than the average but within  
the range of ingestion rates used in 
EPA Region 2 decisions since 1991 

Incorrect and 
misleading 

Since subsistence fishing is not a concern at the LPRSA, 
it is misleading to include a comparison of the 
proposed LPRSA rates with those derived from studies 
pertaining to Native American populations.  When 
Native American studies are excluded, it is clear that 
the 44 g/day proposed by Region 2 for use in the 
LPRSA risk assessment is substantially higher than 
rates used at other Region 2 sites without Native 
American subsistence fishing populations.   

24  13  4.0  Consistent with the 
recommendations in RAGS Part A 
(EPA 1989), use of an FI less than 
one is not appropriate 

Incorrect  Region 2’s statement that assuming a fraction ingested 
(FI) of 1 is consistent with recommendations in 
guidance is not accurate.  RAGS guidance clearly states 
that the decision to use a FI of less than 1 for the fish 
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ingestion exposure pathway should take into account 
local angler usage patterns and water body 
characteristics. 
 
It is not appropriate to base an FI of 1 simply on a 
species’ presence in a water body (e.g., blue crab), if 
other factors limit angling activity.  While crabs are 
present in the LPRSA, crabbing is infrequent, 
particularly in comparison to Newark Bay, which has 
the same crabbing advisory.  This disparity in crabbing 
activity should be reflected in the use of an FI value 
that is less than 1. 

25  NA  NA  Deletion of language allowing for 
cooking loss considerations 

No 
justification 
given 

Region 2 has deleted language previously offered in 
their 9/10/10 comments on the draft RARC Plan 
allowing for discussions on cooking loss factors.  The 
rationale for this change in position is not justified, 
and deprives CPG of an opportunity for meaningful 
technical exchange with Region 2 on this topic. 
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Attachment C 

Summary of Publically Available  

Pathogen Monitoring Data for LPRSA 

 

Publically available information regarding pathogens in the Lower Passaic River Study Area (LPRSA) was 

reviewed, including the classification of the LPRSA river sections within the New Jersey 303(d) List of 

Water Quality Limited Waters and sampling data for the LPRSA.  The USEPA STORET database was 

accessed for this information (http://www.epa.gov/storet/). 

The New Jersey 303(d) List is a list of water bodies that do not attain designated water quality standards 

for the specified use of the water body.  The Lower Passaic River (LPR) from Dundee Dam to Newark Bay 

is not included in the NJ 303(d) List in 2000, 2002, and 2004.  While not clear from the listing, this may 

be because monitoring was not conducted in the river those years1.  In the 2006 List, however, the LPR 

from Dundee Dam to Newark Bay was listed in the 303(d) List for pathogens.  In the 2008 and 2010 Lists, 

the stretch of river from Second River (~RM 8) to Saddle River (~RM 15.5) is listed for pathogens.  The 

sections that are included on the 303(d) Lists are listed because the stretch of the LPR from the Second 

River to Dundee Dam is designated for use as a Primary Contact Recreation water body.   

Based on the designated use of Primary Contact Recreation, the state water quality standards (NJAC 

7:9B‐1.14(d)) are listed below.  New Jersey has also adopted the USEPA guidance for Fecal Coliform 

water quality standards (EPA 440/5‐88‐007, 1988).  These pathogen criteria have been set to prevent 

acute gastrointestinal illness caused by the incidental ingestion of fecally contaminated water during 

recreational activities with direct water contact (i.e., involving full body submergence), such as 

swimming, water skiing and skin diving.  

Pathogen Geometric Mean  Single Sample 
 counts/100 ml counts/100 ml 
Enterococci 35 104 

E. coli 126 235 

Fecal ColiformsA 200 -- 
A: For Primary Contact Recreation water bodies.  For SE3 waterbodies, which is the classification for 
the lower 8 miles, the fecal coliforms standard is <1500 counts/ml (geo mean). 

 

The USEPA has also issued bacteriological Ambient Water Quality Criteria for Marine and Fresh 

Recreational Waters (EPA440/5‐84‐002, 1986) for Enterococci and E. coli.  These criteria are: 

                                                            
1 The USEPA STORET database goes back to 2000; if there were samples for 2000 or 2001, it is likely that they would have gone into the 2002 or 

2004 reports.   
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Pathogen Geometric Mean  Single SampleA

 counts/100 ml counts/100 ml 
Freshwater 

Enterococci 33 61 (61 – 151) 

E. coli 126 235 - 575 

Marine 
Enterococci 35 104 (104 – 501) 
A: USEPA water quality criteria for single samples depends on 4 different water body uses.  NJ 
designation of Primary Contact Recreation considered equivalent to the USEPA classification of 
Designated Beach Area (upper 75% C.l.),  

The United States Geological Survey (USGS) and the USEPA maintain databases of water quality 

information across the country.  The USEPA STORET database has more than 1,000 water quality 

samples from within the LPRSA.  The dates for these samples, which were collected by the New Jersey 

Harbor Dischargers Group, range from 2003 to 2009 for fecal coliforms and 2009 for enterococci.   There 

are monitoring stations with periodic samples at three locations in the stretch of the LPR between 

Dundee Dam and Newark Bay (LPR at Rutgers St (RM 8.5), LPR at Union Ave (RM 12.8), and LPR at 

Dundee Dam (RM 17.0)).  One station is located above the dam (LPR at Market St (RM 18.8)).  The 

pathogen monitoring data for all four stations are shown in Figures 1a (single sample results) and 1b 

(geometric mean results).  While outside of the LPRSA, the station at RM 18.8 is included for comparison 

purposes. 

Figure 1a presents single sample results for fecal coliforms (upper graph).  These data are plotted for 

illustrative purposes, since the fecal coliforms standard is for comparison with the geometric mean 

calculated over a 30 day period (assuming a minimum of 5 sampling events).   As shown in Figure 1b 

(upper graph), the monthly geometric means for fecal coliforms exceeded the state standard of 200 

counts/100 ml at all four sampling stations on numerous sampling events over the five year period 

between 2004 and 2009.   

Figure 1a also presents the single sample results for enterococci (lower graph).  As shown, a number of 

single sample results for enterococci exceed the state water quality criterion for a single sample of 104 

counts/100 ml.  As shown in Figure 1b (lower graph), all of the geometric means for enterococci at 

sampling stations located at RM 8.5 and RM 12.5 exceed the state standard of 35 counts/100 ml.  A 

number of the means for the station at Dundee Dam also exceed the standard.  Based on these 2009 

data, there are numerous occasions when the levels of enterococci throughout the freshwater stretch of 

the LPRSA are above the levels considered safe for primary contact recreation. 

In 2003, the Interstate Environmental Commission (New York) conducted a sampling program that 

included six sampling stations in the LPRSA (two stations above RM 8, one station around RM 8, and 3 

stations below RM 8).  These six stations were sampled six times between August 11, 2003 and 

September 22, 2003.  The 2003 LPRSA pathogen data are summarized in the maps shown in Figure 2.  

Figure 2a presents the results for fecal coliforms; Figure 2b presents the results for fecal streptococcus; 

and Figure 2c presents the results for enterococci.  For the three stations at or above RM 8 and for all six 
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sampling events, individual sampling results for fecal coliforms exceed the state standard of 200 

counts/ml (geometric mean).  While not calculated for this evaluation, the geometric mean would also 

be exceeded.  As shown in Figure 2c, individual sampling results for enterococci exceed the state single 

sample standard of 104 counts/ml in 16 of the 18 samples collected at or above RM 8.   Fecal 

streptococcus is included for illustrative purposes, as there is no standard for comparison. 

Based on the findings of this review and analysis of publically available pathogen monitoring data, there 

have been numerous occasions over the past several years when the levels of pathogens in the stretch 

of the LPRSA classified as freshwater 2 non‐trout (FW2‐NT) and saline‐estuarine 2 (SE2) exceed 

applicable criteria established by the state of NJ and USEPA as safe for primary contact recreational 

activities such as swimming.  These findings are consistent with other published studies regarding 

pathogen levels in the LPR.  Sampling of surface water directly from and around a discharging CSO in the 

LPR showed pathogen concentrations in excess of health‐based water quality criteria and in some cases 

similar to raw sewage (Donovan et al., 2008).   
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Associated with Exposure to Pathogens in the Water of the Lower Passaic River.  Applied and 
Environmental Microbiology, Volume 74.  February 2008. 
 



Figure 1 a – Single Sample Results
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Figure 1 b – Geometric Mean Results
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LPRSA CPG-EPA
RARC Plan Dispute Resolution

December 1, 2011



Overview of Dispute Resolution Issues

• Five Technical Issues 
– Characterization of Current and Future Exposures
– Proposed Fish and Crab Consumption Rates and Fraction Ingested 

Value of 1
– Retraction of Agreement for Dialogue on Cooking Loss
– Approach to Evaluating Residential Exposure to Sediment
– Modification to Testable Risk Question

• Four Policy Issues
– Remove references to pathogenic contamination
– Delete “urban” to describe reference & background conditions
– Remove references  to EPA as source of directed exposure scenarios 

and assumptions & CPG’s technical basis for alternative positions
– Remove statements supporting consideration of site-specific data
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Issue #1 – Characterization of Current and Future 
Exposures

EPA’s Directive Relevant 
Comments

Basis of CPG Dispute

Evaluate only one set of 
exposure assumptions 
representing a hypothetical 
future scenario 

100, 102, 105, 
130

•Inconsistent with NCP and RAGS Part A
•Differences between current and future site 
conditions that contradict one-scenario approach
•Results in incomplete depiction of potential risks to 
human health 

Revise language from 
approved PFD and add new 
language describing current 
site conditions and uses

4, 11, 83, 84, 
86, 87, 89, 92

•Inaccurate portrayal of current site conditions and 
uses (e.g., increasingly used for crabbing, boating)
•Change in point of transition to residential from 
~RM 8-10 to ~RM4
•Lack of acknowledgement of physical features that 
limit access and potential for exposure

Add new language
describing future site 
conditions and uses

4, 13, 77, 81, 
91, 94, 104, 
105, 128

•Based on a single future vision of the LPR setting 
that does not currently exist, and relies on funding 
and implementation of community master plans that 
are not guaranteed
•Potential future exposures are speculative and 
unsupported by site-specific data
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Issue #1 – Characterization of Current and Future 
Exposures

EPA’s Directive CPG’s Proposed 
Solution

Benefits

Evaluate only one set of 
exposure assumptions 
representing a hypothetical 
future scenario 

•Augment exposure assessment to 
include current site uses and 
assumptions
•Target scenarios with differences 
between current and future site 
conditions  (e.g., recreational) 

•Reconciles internal contradictions created by 
imposing future conditions on site setting that 
does not currently exist
•Provides complete understanding of “current 
and potential threats to human health” to risk 
managers and stakeholders
• Promotes informed remedial decision-making

Revise language from 
approved PFD and add 
new language describing 
current site conditions and 
uses

•Retain PFD language describing 
current conditions
•Retain language describing 
shoreline & river characteristics 
•Remove unsupported language 
describing current land and 
waterway uses

•Provides accurate depiction of LPRSA under 
current conditions
•Establishes baseline conditions for 
characterization of relevant current exposure 
scenarios

Add new language
describing future site 
conditions and uses

•For each municipal plan, 
determine relevant features of 
riverfront redevelopment, funding, 
and timeframe; document in RARC 
Plan

•Minimizes speculative language about future 
exposures by explicitly considering initiatives 
and waterfront features included in local 
planning
•Provides for accurate characterization of 
LPRSA in foreseeable future
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Issue #2 – Proposed Fish and Crab Consumption Rates 
and Fraction Ingested Value of 1

EPA’s Directive Relevant
Comments

Basis of CPG Dispute

For LPRSA recreational angler, 
use fish consumption rate based 
on surveys of surrogate water 
bodies (Newark Bay and New 
York State)

110b, 110d, 
111, 113, 114, & 
EPA July 25 
Tech Memo

•Studies chosen, Burger (2002) and Connelly et 
al. (1992), have issues that limit their usefulness 
as bases for LPRSA fish consumption rates
•Weight of evidence approach is not thorough 
and consistent in analysis of studies cited
•Compelling reasons to dismiss site-specific 
survey not provided

For LPRSA recreational angler, 
use crab consumption rate 
based on survey of Newark Bay
crabbers

110b, 110d, 
111, 113, 114, & 
EPA July 25 TM

•Technical issues with use of Burger (2002) as
basis for crab consumption rate, including study 
design, data collection, data analysis, and lack 
of documentation
•Crabbing not evident in LPRSA 

Assume all fish and crab 
consumed comes from LPRSA

110b, 110d, 
111, 113, 114, & 
EPA July 25 TM

•Regarding fraction ingested (FI), RAGS states 
that local angler usage patterns and water body 
characteristics should be taken into account
•No recognition of close proximity of other more 
desirable water bodies
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Issue #2 – Proposed Fish and Crab Consumption Rates 
and Fraction Ingested Value of 1 

EPA’s Directive CPG’s 
Proposed 
Solution

Benefits

For recreational angler, 
use fish consumption rate 
based on surveys of 
surrogate water bodies 
(Newark Bay and New 
York State)

Pending site-specific
data from new CAS,
evaluate range of 
rates, such as:

Ø17.5 g/day – Basis of 
EPA and NJDEP water 
quality criteria, protective 
of recreational anglers1

Ø7.5 g/day – “One meal 
per month” consumption 
scenario 

•Provides reasonable policy alternative to 
deriving rates based on studies that are not 
relevant or appropriate for LPRSA
Ø17.5 g/day → consistent with rate used by state of 
New Jersey to derive water quality criteria protective of 
recreational anglers
Ø7.5 g/day (one-meal-per-month) → precedent for use 
at other sediment sites to provide risk information to the 
public and decision-makers
•Leave open potential for amending in future
with site-specific data

For recreational angler, 
use crab consumption rate 
based on survey of 
Newark Bay crabbers

Assume all fish and crab 
consumed comes from 
LPRSA

Assume FI value less 
than 1 (especially 
crab)

•Reflects reality that LPRSA not a crabbing
destination
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Issue #3 – Retraction of Agreement for Dialogue on 
Cooking Loss

Directive Relevant
Comments

Basis of CPG 
Dispute

CPG’s Proposed 
Solution

Deletes language 
previously offered in 
September 10, 2010 
comments on the 
draft RARC Plan 
allowing for 
discussions on 
cooking loss factors

112, 114, 115, 
135

Rationale for this change 
in position is not 
provided, and deprives 
CPG of an opportunity for 
meaningful technical 
exchange with EPA on 
this topic  

Engage on this topic as 
originally planned
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Issue #4 – Approach to Evaluating Residential Exposure 
to Sediment

EPA’s Directive Relevant
Comments

Basis of CPG 
Dispute

CPG’s Proposed 
Solution

Assume backyards are 
covered by river 
sediment contacted 
daily by residents 

109, 118, 131 •Ignores that sediment 
deposited on backyard 
constitutes fraction of 
soil (supported by EPA’s 
recent park sampling)
•Year-round exposure 
does not reflect climate 
and weather, or normal 
patterns of human 
activity

•Use representative backyard 
sediment-soil matrix exposure 
point concentrations that 
account for mixing with native 
soil (e.g., site-specific 
modeling or simple dilution 
factor)
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Issue #5 – Modification to Testable Risk Question 

Directive Relevant
Comments

Basis of CPG 
Dispute

CPG’s Proposed 
Solution

Change testable risk 
questions after the 
measurement 
endpoint  have been 
identified and data 
collected to address 
the original question

34 •Inconsistent with USEPA 
risk guidance (1997)
•Mummichog egg data 
have already been 
collected, consistent with: 
(1) previously approved 
testable risk question, 
and (2) EPA-approved 
QAPP
• Existing mummichog 
egg data cannot be used 
to answer EPA’s new 
testable risk question; a 
completely new study 
approach would have to 
be defined and approved 
by EPA, including 
identifying “appropriately 
selected reference sites”

Retain the language of the 
original testable question in the 
RARC Plan
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Policy Issues 

EPA’s Directive Relevant
Comments

Basis of CPG 
Dispute

CPG’s Proposed 
Solution

1. Remove references 
to pathogenic 
contamination;
reference designated 
uses of river in RM 8-
17.4, including 
swimming   

3, 90, 104, 128, 
150

•Pathogens are pollutants 
& contaminants within the 
meaning of CERCLA -one 
of the purposes of the 
RI/FS is to determine the 
nature & extent of 
contamination… 22
•Results in incomplete 
depiction of site setting
•No acknowledgement of 
frequent excursions of 
bacterial standards 
• Contradiction in use of 
non-CERCLA goal of 
"fishable & swimmable“ to 
justify future exposure, but
no assessment of 
pathogen risk

•Retain relevant language 
regarding pathogen 
contamination as a site 
characterization factor
•Include in the uncertainty 
analysis an assessment of 
pathogen risks using available 
data and accepted risk 
assessment methods 

Page 10
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Policy Issues 

EPA’s  
Directive

Relevant
Comments

Basis of CPG Dispute CPG’s Proposed 
Solution

2. Delete the term 
“urban” to describe 
reference & 
background 
conditions suitable 
for use in LPRSA 
RI/FS 

8, 18, 68 •Counter to entire premise for 
LPRRP, addressing degraded 
sediment & water quality in a 
highly urbanized rivers 
•Urban has been used to date 
consistently throughout the 
RI/FS process, and approved 
documents (PFD and Benthic 
QAPP (see Worksheet #9)
•Inconsistent with LPR as one 
of 8 pilot rivers in Urban River 
Restoration Initiative
•Does not account for urban 
conditions when defining 
background and  reference 
(EPA 1994; 1997; 2002; 2005)

•Retain “urban” in the RARC 
when describing and defining 
background and reference 
conditions 

Page 11



Policy Issues 

EPA’s Directive Relevant
Comments

Basis of CPG 
Dispute

CPG’s Proposed 
Solution

3. Remove references  
to EPA as source of 
directed exposure 
scenarios and 
assumptions & CPG’s 
technical basis for 
alternative positions 

7, 78, 95, 99 •Does not provide 
necessary context, 
justification, and 
transparency for fully 
informed decision-making
•Does not identify areas 
where range of values is 
plausible

•Retain language attributing 
EPA as directing the exposure 
scenarios and assumptions to 
be evaluated in the HHRA
•Include alternative positions 
and relative conservatism of 
(consistent with BERA)

4. Remove 
statements supporting 
consideration of site-
specific data; add
language citing RAGS 
as basis for approach 
or default assumption

78, 110a •Inconsistent with 
guidance supporting 
consideration of site-
specific information  
•Removes language that 
provides important 
background and context 
(and was already revised 
once based on EPA’s 
9/10/10 comments)

•Retain citations and text 
supporting the use of site-
specific data in the risk 
assessment process
•Remove inappropriate 
references to RAGS as basis 
for default approaches
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Summary

• EPA’s revisions to the RARC plan do not result in a thorough or 
accurate road map for the baseline HHRA
– Available site-specific data have not been used to the fullest
– Unique characteristics of LPRSA have not been given due consideration

• Two separate expert panels have concluded that the LPR is a unique 
river and site-specific consumption information is necessary for the 
best, most accurate risk estimates

• Agency’s desire for policy consistency leads to compounding 
conservatism 
– Combine four 95th percentile assumptions → risk = 99.99th percentile of the 

output distribution (Burmaster and Harris 1993)

• EPA-directed values for six of the exposure and toxicity factors used to 
calculate fish consumption risk are 95th or 90th percentile values or 
maxima

– Combination yields risk that far exceeds 99.9th percentile, which is above the 
high end of intended RME exposure (EPA 1992)

Page 13
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Summary (continued)

• EPA’s directive fish & 
crab consumption rates 
for LPRSA are: 
– Inconsistent with other urban 

river sites (~2.3 to 7 times 
higher)

– 1.4 to 6 times higher than 
rates used in HHRAs of more 
productive and desirable 
sportfishing water bodies

– Higher than recreational 
angler rates cited in Figure 3 
of EPA’s 7/25/11 Tech Memo 
(range 6.5 to 31.9 g/day)

• Precedent for use of FI < 
1 at several sites
– Based on proximity of other 

desirable fishing water bodies 
and use of non-site-specific 
data to derive rates
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Raritan River/Horseshoe Road (NJ) 6.5 No 6.5
Aberjona River (MA) 13 Yes, 50% 6.5
Woonasquatuckett River (RI)  14 No 14
West Branch of Grand Calumet River (IN) 37.8 Yes, 50% 19

14 (flowing) 7
18 (standing) 9

32 (all waters) 16
Onondaga Lake (NY) 25 No 25
Housatonic River (CT) 31 Yes, 97% 30
Hudson River (NY) 31.9 No 31.9
Grasse River (NY) 32 No 32
Calcasieu Estuary (NY) 32 No 32
EPA Region 2 directed rate for LPRSA 44 No 44

Sudbury River (MA) Yes, 50%

Fish 
Consumption 

Rate            
(g/day)

Sediment Site Fraction 
Ingested?

Adjusted 
Consumption 

Rate         
(g/day)

Urban

Sportfishing and Less Urban Waterbodies

Fish Consumption Rates Used in Sediment Site Human Health Risk Assessments 
Adult Recreational Angler (RME Scenario)



Summary (continued)

• To allow for meaningful remedial decision-making, revisions to 
the HHRA approach are needed to: 
– Characterize exposures under current conditions and accurately 

describe land and water way uses
– Remove unrealistic and unsupportable exposure assumptions, including 

fish and crab consumption rates based on inappropriate studies
– Ensure a sound approach for evaluating residential exposure to 

sediment
– Include relevant citations and guidance regarding importance of site-

specific data

• Hold technical exchange on topic of cooking loss as originally 
planned

• Resolve differences on “policy” issues → provide important 
context and transparency useful to risk managers and local 
stakeholders
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Detail Slides for Specific Technical & Policy Issues 

– Technical Issue 1 - Characterization of Current and 
Future Exposures
• Slides 13 and 14

– Technical Issue 2 - Proposed Fish and Crab 
Consumption Rates and Fraction Ingested Value of 1
• Slides 15 to 21

– Policy Issue 1 - Remove references to pathogenic 
contamination
• Slide 22
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Issue #1 – Characterization of Current and Future 
Exposures – Specific Concerns

EPA’s directives result in an inaccurate
portrayal of current conditions
Directed changes to approved PFD language and new text do 
not accurately depict current conditions or 2010 habitat survey
Replacement text section 3.3 Ø Adjacent land use in lower 10 miles is 

industrial/commercial , infrastructure, and 
recreational; residential is minimal
Ø Multi-family development at ~RM 5.3
separated from river by fencing, bulkhead,
and riprap shoreline

• Adjacent land use 
“transitions to commercial, 
residential and recreational 
near RM 4”

New text section 1.1 Ø Surveys & anecdotal observations have 
not found evidence of crabbing activity
Ø Statement conflicts with NJDEP’s 
advisory banning harvest of crab 
Ø Boating, other than rowing/crew, limited 
by physical constraints (e.g., low bridges)

• River is “now increasingly 
used for recreational 
activities such as boating, 
fishing, and crabbing”

EPA exposure assumptions are inconsistent with existing 
impediments to exposure
Ø presence of bulkheads, vertical drop, pathogens, lack of beach/bathing 
amenities directly affect access, types of activities, and likely exposures 
(e.g., swimming for 39 days/year is unrealistic now and in future)
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Land Use
River Miles 

0-10
River Miles 

10-17.4
AGRICULTURE 0% 0.8%
INDUSTRIAL/COMMERCIAL/ 
URBAN

56.5% 37.4%

INFRASTRUCTURE 23.4% 15.8%
RECREATIONAL/OPEN SPACE 19.6% 31.4%
RESIDENTIAL 0.5% 13.8%
WETLANDS 0% 0.7%
Land Use data: NJDEP, 2007 
 http://www.state.nj.us/dep/gis/lulc07shp.html 

Land Use Type Along Lower Passaic River



Examples of shoreline characteristics that limit access 
and direct exposure to sediment and surface water 
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Concrete bulkhead  looking west toward Newark 
(~RM 5)

Multifamily development looking east toward 
Harrison (~RM 5.3)

Observed fishing spot (bulkhead on west bank 
south of Union Ave. Bridge) (~RM 12.9) Residences along east bank (~RM 12.5)



Study Survey 
Type

Target 
Population

Objective Time
Period

Sampling  
Design

Number
of 
Respond-
ents

Demographic EPA RME 
Calculated 
Consumption 
Rate (g/day)

Burger 
(2002)

On-site 
Intercept

Anglers in 
Newark Bay 
Complex

Examine reasons 
people fish and 
general 
consumption 
patterns

May 15 
to Sept. 
15, 1999

Not clearly 
specified;
recall of past
fishing and 
consumption 
based on 1 
interview

267  
(97% 
response 
rate)

43% White
23% Black
21% Hispanic
13% Asian

Fish = 56.6
(90th perc. fish 
consumers)
Crab = 32 
(90th perc. 
crab 
consumers)

Connelly 
et al. 
(1992)

Mail Licensed 
NY state 
anglers

Assess advisory 
awareness &
knowledge  as it 
relates to fishing
&  consuming 
behavior

Mailed
January 
1992

Cross-section
of licensed 
anglers; recall 
of past year 
of fishing and  
consumption

1030
(54% 
response 
rate)

95% Caucasian
3% Black
2% Other 

Fish = 31.9
(90th perc. fish 
consumers)

Issue #2 – Proposed Fish and Crab Consumption Rates 
– Specific Concerns with EPA’s July 25 Tech Memo
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• EPA-directed rates are not representative of current or likely 
future rates of consumption of LPR fish or crab

Ø Assumes 70 to 107 LPR fish meals/year and 26 to 48 LPR crab meals/year
• 2000-01 CAS (criticisms notwithstanding) is strong evidence 
that EPA rates are wrong

Ø Highly unlikely that rates in upper 10 miles are 2 to 3-fold higher than in lower 7



Issue #2 – Specific Concerns with July 25 Tech Memo

Tech Memo Element Basis of CPG Dispute
1. Weight-of-evidence 
approach

• Weak and limited set of lines of scientific evidence
• Key factors for assessing suitability not considered, such as study 
purpose, adequacy of design and method, target population, time 
period, QA, reproducibility, data analysis including weighting1

• Does not meet the balanced and objective review criteria discussed at 
EPA-CPG 12/16/10 meeting
• Relevance to developing long-term consumption rates not addressed, 
including uncertainties and potential direction of bias
• Resulted in selection of two studies not suitable for task at hand

2. Study method review 
process

• Publication in refereed journal does not signify relevance to task at 
hand (e.g., Burger (2002) primarily a sociological study)
• Review of grant funding does not ensure that subsequent results and 
data analysis are sound or appropriate for intended purpose
• Dismissal of Tierra’s 2000-01 peer-reviewed survey due to lack of 
EPA-approved work plan, when neither study selected by EPA met this 
criterion, is inconsistent
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1. EPA’s Exposure Factors Handbook (1997, 2009) provides General Assessment Factors that are used to assess the suitability 
of studies for use in deriving exposure assumptions, including high, medium and low confidence ratings for each factor.



Issue #2 – Specific Concerns with July 25 Tech Memo

Tech Memo Element Basis of CPG Dispute
3. Comparison with rates 
from other studies and 
sources

• Failed to consider differences in study methodology and target 
populations per guidance (USEPA 1997)
• Dismissal of 2000-01 CAS of LPR because small number of 
consuming anglers limits statistics is faulty reasoning 

Ø Disregards probability-based sampling design and proper data 
analysis, including use of sampling weights per USEPA guidance

• Included irrelevant general population studies (NJ households and 
1977-78 national food intake study)
• Assertion that NJ coast angler fish consumption is higher than other 
areas is based on erroneously calculated rates

4. Comparison with rates 
used in other Region 2 
HHRAs 

• Inappropriately included sites with subsistence rates
• Incorrectly states that 44 g/day is comparable to other sites 

Ø EPA’s rate for LPRSA is higher than all but one site (Alcoa 
1993), which used USEPA’s 1991 default of 54 g/day (all fish 
consumption)
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Issue #2 – Specific Concerns with EPA’s Use of Burger 
(2002) for LPRSA Fish and Crab Consumption Rates

Specific Concerns

• Survey study area did not include the LPRSA  (per Dr. Burger, 2010)

• Documentation is minimal and data are no longer available, preventing verification of  
question wording, findings and analysis of results
• Accuracy and reliability of one-time recall data is known to be uncertain and tends to 
bias rates high (USEPA 1997, 1998; Connelly and Brown 1995; Chu et al 1992; Fisher et 
al 1991)
• Representativeness of reported results to rest of the year is highly uncertain

• EPA was forced to rely on limited, aggregate information to derive consumption rates:
Ø mean number of times/month that surveyed anglers reported eating self-caught 
fish/crab
Ø mean estimated average serving size reported by all anglers
Ø mean number of months/year that surveyed anglers reported fishing and/or 
crabbing
Ø bar graph showing the percentage of surveyed anglers who consumed at rates 
equal to six broad ranges in g/month
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Issue #2 – Specific Concerns with EPA’s Use of Burger 
(2002) for LPRSA Fish and Crab Consumption Rates

Specific Concerns

• Identification of 90th percentile rates for consumers from graphs is highly uncertain

• Reported average fish serving size (nearly ¾ pound) is well above typical meal size, 
and method used to convert portion size estimates that differed from 8-oz model is not 
described
• Crab serving size based on high mass of edible crab meat (70 g) of unknown NJDEP 
source (site-specific and recent NJDEP data support average of 40-45 g)
• No sample weighting was performed, and no data are available to assess whether the 
sample is representative of the target population
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EPA estimated 
about 11% of 
consumers eat 
~4200 g/month

EPA estimated 
about 10% 

consumers eat 
3590 g/month



Issue #2 – Specific Concerns with EPA’s Use of Connelly 
et al. (1992) for LPRSA Fish Consumption Rates

Specific Concerns

• Response rate on low end of accepted standards for mail surveys (53%), which likely 
biased rates high

• Incorrect adjustment for non-response bias

• New York state water bodies not representative of tidal LPRSA fishery

• Target population not representative of LPRSA anglers (differing demographics)

• Suffers from recall bias associated with extrapolating long-term rates from short-term 
data, highlighted by follow-up diary survey by same researchers (Connelly et al. 1996)

• Applied simplistic assumption of uniform meal size of ½ pound to address lack of meal 
size information (limitation noted by USEPA (1997))
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Race/Ethnicity NY State Licensed 
Angler Population     

(Connelly et al. 1992) 

LPRSA Angler 
Population       

(Ray et al. 2007) 
Caucasian 95% 51% 
African/American 3% 16% 
Other 2% -- 
Hispanic -- 32% 
 



Issue #2 – Specific Concerns with EPA’s Fraction 
Ingested Value of 1

Specific Concerns

EPA’s assertion that FI value of 1 is consistent with RAGS recommendation is not 
supported
Lines of evidence do not support conclusion that FI value of 1 is appropriate

Ø LPRSA is not a “major commercial or recreational fishery”
Ø Species’ presence in water body is not adequate basis if other factors diminish its 
desirability for eating self-caught fish and crab (e.g., visible trash and debris, high 
degree of urbanization and industrialization) 
Ø Household survey data for five-county area found that individual anglers fish at 
variety of area water bodies (Bingham et al. 2011)

Site-specific data support that crabbing in the LPRSA is rare
Ø No anglers reported consuming LPR crab over a year-long survey (Ray et al. 
2007)
Ø 110 crab consumers were intercepted in Newark Bay over a 4-month period 
(Burger 2002)
Ø Given that crab advisories in the two water bodies are the same, the disparity in 
crabbing activity likely reflects differences in site setting that should be taken into 
account with the FI variable
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Pathogen Monitoring Data for LPRSA
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1.0E+00

1.0E+01

1.0E+02

1.0E+03

1.0E+04

6/2003 6/2004 6/2005 6/2006 5/2007 5/2008 5/2009 5/2010

Co
un

ts

LPRSA-Fecal Coliforms Geometric Mean for Trailing 30 Days With 5 or 
More Samples

Passaic River at Rutgers St (RM 8.5)

Passaic River at Union Ave (RM 12.8)

Passaic River at Dundee Dam (RM 17.0)

Passaic River at Market St (RM 18.8)

WQ Standard 200/100 ml
geometric mean
Fecal Coliforms
Above RM 8

NOTES:
Sample Results noted as "beyond quantitation limit were excluded from data set
Sample Results noted as "Not Detected" or "0" were considered to have a value of 1 for calculation of Geometric Mean
because detection limit  was unavailable for sampling act ivit ies.
Some samples from the STORET Database report the units of Fecal Coliforms as mg/L, but the standard method that
is referenced in the database (EPA-600/8-78-017) indicates the units should be counts/100 mL.  It  was assumed that
all sample results are measured in counts/100 mL.
226 samples from the STORET Database were given the type "Actual" while the remaining 568 samples were given the type "Estimate"

1.0E+00

1.0E+01

1.0E+02

1.0E+03

1/2009 2/2009 3/2009 4/2009 5/2009 6/2009 7/2009 7/2009 8/2009 9/2009 10/2009 11/2009 12/2009

Co
un

ts

LPRSA-Enterococcus Geometric Mean for Trailing 30 Days With 5 or 
More Samples

Passaic River at Rutgers Ave (RM 8.5)

Passaic River at Union Ave (RM 12.8)

Passaic River at Dundee Dam (RM 17.0)

Passaic River at Market St (RM 18.8)

WQ Standard 35 /100 ml
geometric mean
Enterococcus
Above RM 8

NOTES:
Sample Results noted as "beyond quantitation limit were excluded from data set
Sample Results noted as "Not Detected" or "0" were considered to have a value of 1 for calculation of Geometric Mean
because detection limit was unavailable for sampling activities.
Some samples from the STORET Database report the units of Fecal Coliforms as mg/L, but the standard method that
is referenced in the database (EPA-600/8-78-017) indicates the units should be counts/100 mL.  It was assumed that
all sample results are measured in counts/100 mL.
202 samples from the STORET Database were given the type "Actual" while the remaining 172 samples were given the type "Estimate"

Source: USEPA STORET database [http://www.epa.gov/storet]

• Numerous occasions over past several years when levels of 
pathogens in the stretch of LPRSA classified FW2‐NT-SE2 exceed 
applicable criteria established by the state of NJ and USEPA as 
safe for primary contact recreational activities such as swimming 
• Findings are consistent with other published studies regarding 
pathogen levels in the LPR (Donovan et al. 2008)



From: Monsen, Dawn M.
To: Monsen, Dawn M.
Subject: FW: Diamond Alkali LPRSA - Dispute Resolution
Date: Tuesday, March 13, 2012 8:59:47 AM
Attachments: 1201 attendance sheet.PDF

1205 Respone for CPG_disputed comments.docx

From: Flanagan.Sarah@epamail.epa.gov [mailto:Flanagan.Sarah@epamail.epa.gov] 
Sent: Monday, December 05, 2011 4:32 PM
To: Hyatt, Jr., William; Mack, Karyllan Dodson
Cc: Basso.Ray@epamail.epa.gov; Vaughn.Stephanie@epamail.epa.gov; Hick.Patricia@epamail.epa.gov
Subject: Diamond Alkali LPRSA - Dispute Resolution

Bill, 

As discussed on December 1, 2011, I am attaching a written version of the EPA Region 2 staff
recommended language to address certain of the issues/objections raised by the Cooperating Parties
Group (CPG).  We only included language for those items that we are agreeing to change, not those
where EPA is sticking to its prior instructions.  We request that the CPG review our language and
determine whether there are any disputed issues that it will consider resolved.   

I should note that we did add one new sentence, in the section on Issue 5, to clarify that the analysis
of ingestion rates is based on EPA's Technical Memorandum on Fish and Crab Consumption Rates.   

We look forward to receiving an indication from the CPG as to which, if any, of our recommended
changes will resolve the CPG's objections.   

I am also attaching a copy of the attendance sheet.     

Regards, 

Sarah 

Sarah P. Flanagan
Office of Regional Counsel, NJ Superfund Branch
USEPA, Region 2
290 Broadway, 17th Floor
New York, NY 10007
Tel: 212-637-3136
Fax: 212-637-3096

This email may contain material that is confidential, privileged and/or attorney work product for the sole
use of the intended recipient.  Any review of, reliance on, or distribution by others or forwarding without
the express permission of the sender is strictly prohibited.  If you are not the intended recipient, please
contact the sender and delete all copies.

mailto:dawn.monsen@klgates.com
mailto:dawn.monsen@klgates.com








EPA Staff Recommended Revisions to Select Comments Disputed by CPG



Human Health Risk Assessment



CPG Issue #1:



Comments 100, 101, and 102:



These comments all relate to Page 90, Section 3.3.4, Paragraph 3:  “As stated in USEPA’s September 10, 2010 comments, the scenarios and exposure parameter assumptions are intended to capture exposures under a future site condition, when parks and open spaces have been improved and expanded or developed at sites currently under other uses.  Such improvements could make people more likely to visit and spend more time along the river.  USEPA Region 2 has directed that the same set of scenarios and exposure parameter assumptions be used to assess both current and potential future baseline site risks.  As a revitalized and redeveloped riverfront is not the current condition, this approach will lead to overestimates of current exposures.  However, as directed by USEPA Region 2, the same scenarios and exposure parameter assumptions are used to account for both current and future site conditions.”



EPA staff recommendation:  Replace the entire paragraph that is referenced above with: 



“In accordance with USEPA Guidance (USEPA 1989b, USEPA 2001c), the scenarios and exposure parameter assumptions are intended to capture exposures under both current and future site conditions.  All of the exposure pathways are currently complete.  While expected improvements to the river and shoreline will likely increase the number of individuals utilizing the river, the exposure frequency and duration for some individuals already utilizing the river will not likely increase.  As such, the use of combined current/future exposure assumptions is appropriate.”



Comment 105: 



Page 92, Section 3.3.4.2, last paragraph:  “Because the likelihood of swimming in the LPRSA depends on several factors, including access, riverbank type, adjoining land, and waterway uses, it may not be appropriate to include swimming as a potential exposure pathway throughout the river.  The applicability of the swimming scenario throughout the LPRSA will be evaluated based on consideration of the above factors, as discussed in Section 3.3.5.


EPA July 11, 2011 comment:  Delete and replace with:  “In accordance with USEPA guidance (USEPA 1995, 2001d), comprehensive community master plans are a valuable source of information in determining reasonably anticipated future land use.  Many municipalities and counties along the Lower Passaic River have published master plans that call for the expansion and improvement of parks and open space along the river that will lead to higher exposure in the future (City of Newark 2010, City of Newark et all 2004, Clarke et al 2004, Clarke et al 1999, Heyer et al 2003, Heyer et al 2002, Borough of Rutherford et al 2007).  While the general usage types of the river may remain the same in the future, the usage frequency and number of access locations should increase over time based on these plans.  This increased usage is taken into account in the exposure parameters discussed in Section 3.3.5.”



EPA staff recommendation:  This comment, and Comment 104 (which the CPG disputes under Issues #3 and #8), both relate to Section 3.3.4.2 of the RARC.  The following language should be used to replace the language in Section 3.3.4.2, in its entirety:

	

Section 3.3.4.3  Swimmer



It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), and adults (>18 years).  Given the visible deterrents to swimming along large sections of the river, including the presence of trash and debris and the generally urban setting of the river, the exposure frequency and duration for swimming is assumed to be relatively low, both currently and in the future.  To be clear, the number of exposed individuals will likely increase as improvements to the shoreline and river are made, but the exposure frequency and duration for some individuals already engaging in this scenario are not likely to increase.  It is assumed that the current/future swimmer may be exposed to COPCs in sediment and surface water while swimming via:

	

· Direct Contact (incidental ingestion and dermal contact) with near shore river and mudflat surface sediment;

· Direct contact (incidental ingestion and dermal contact) with river surface water; and

· Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat sediment and/or surface water.



Note that swimming is included in New Jersey’s designated uses of the freshwater portion of the river from the confluence with Second River to Dundee Dam (RM 8 – 17), where the water has a classification of FW2-NT/SE2, though this stretch of the river does not always meet the standards associated with this classification.  While the lower portion of the river is not currently classified as suitable for swimming, New Jersey can change the classification as conditions warrant.  The applicability of the swimming scenario throughout the LPRSA will be evaluated as part of the risk assessment, as discussed in Section 3.3.5 of this report.



Comment 130:



Page 102-103, Section 3.3.4.8, “Sediment and Surface Water Exposure Frequencies,” 2nd paragraph:  “The USEPA Region2-directed sediment and surface water exposure frequencies for each receptor scenario are summarized in Table 3-5.  The exposure frequencies reflect an improved and more attractive LPRSA where recreational activities involving contact with water are common (e.g., 259 days/year surface water exposure for the adult boater, 39 days/year sediment exposure for the adult swimmer).  Since these frequencies do not represent current site conditions, their use will lead to overestimates of potential risks.”



EPA July 11, 2011 comment:  Delete and replace with:  



Sediment and surface water exposure frequencies for each receptor scenario are summarized in Table 3-5.  The exposure frequencies for the angler, swimmer, wader, and boater reflect both current conditions on the river, as well as future conditions after shoreline improvements laid out in municipal master plans are carried out.  Adult anglers, swimmers, and waders are assumed to fish, swim or wade in locations where they would contact sediment and surface water once a week during the summer months (13 weeks/year), or 13 days per year, for the RME scenario, and once every two weeks, or 7 days per year, for the CTE scenario.  Adolescent anglers, swimmers, and waders are assumed to be exposed to sediment and surface water 3 days per week during the summer months, or 39 and 20 days per year respectively for the RME and CTE scenarios.  Anglers may catch fish on more days than is assumed here, but are not expected to contact sediment and surface water every day that they fish.



The surface water and sediment exposure frequency for the older child boater who canoes or kayaks is assumed to be equal to other recreational scenarios like swimming or wading, and is therefore assumed to occur 13 days/year for the RME scenario and 7 days/year for the CTE scenario.



Surface water exposure frequencies for the adult and teenage (14 to 18 years old) boaters are based on information provided by Passaic River boating clubs (PRRA 2010, Nereid Boat Club 2010).  The rowing season extends from March through mid-November (37 weeks).  Adult boaters row up to 7 days/week, for 1 to 2 hours/day; average frequency is 250 days/year (7 days/week x 37 weeks/year) and the CTE frequency is 111 days/year (3 days/week x 37 weeks/year).  For the teenage boaters, the high school rowing season primarily is from late February through the end of May, and sometimes includes rowing minimally in the fall.  The high school teams row 5 to 7 days per week for 1 to 2 hours per day.  Based on this information, for teenage boaters (14 to 18 years old) the RME frequency is 98 days/year (7 days/week x 14 weeks/year) and the CTE frequency is 70 days/year (5 days/week x 14 weeks/year).



Exposure to sediment for the adult and teenage boaters will occur with a much lower frequency than exposure to surface water.  Rowing locations south of Dundee Dam launch from docks, so contact with the riverbank happens when rowers flip out of the boat and need to wade in to get back in.  It is, therefore, assumed that sediment contact occurs once a month for the RME scenario and once every two months for the CTE scenario.  Accounting for the length of rowing season (37 weeks for adults and 14 weeks for teenage boaters), the adult sediment exposure frequency is 9 days/year for RME and 4 days/year for CTE; the teenage boater exposure frequency is 4 days/year from RME and 2 days/year for CTE.”



EPA staff recommendation:  No change from July 11, 2011 comment letter, except to add the following sentence after the second sentence of EPA’s recommended language: 



“To be clear, the number of exposed individuals will likely increase as improvements to the shoreline and river are made, but the exposure frequency and duration for some individuals already engaging in these scenarios are not likely to increase.”



[Note:  EPA agrees that if the risk assessment shows that the swimmer scenario is driving the risk, we will revisit our approach to this aspect of the assessment.]



CPG Issue #2



	Comment 11:



Page 2, Section 1.1, 1st paragraph, as submitted in February 2011 RARC :  “The LPRSA was increasingly urbanized for more than two centuries; it has served as the receiving environment for industrial and municipal waste discharges since the nineteenth century.”



EPA July 11, 2011 comment:  Add after that line at the end of the paragraph:  “However, it is now increasingly used for recreational activities such as boating, fishing, and crabbing as parks and boat ramps are actively being restored or newly established (site-specific information provided by Passaic River Rowing Association 2010; Nereid Boat Club 2010; City of Newark 2010).



EPA staff recommendation:  No change from the July 11, 2011 comment letter, except to remove “crabbing” from the list of activities.



	Comment 83:



Page 69, Section 3.3.1.1, 2nd paragraph:  “The lower 6 miles are predominantly commercial and industrial with little public access.”



EPA July 11, 2011 comment:  Delete and replace with the following:  “Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, residential and recreational near RM4.  Land use is increasingly residential and recreational above RM 8.”



EPA staff recommendation:  Delete and replace with the following:  



“Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and starts to include more commercial, residential, and recreational uses around RM 4, with the locations of Riverbank and Minish Parks.”



	Comment 84:



EPA Comment in July 11, 2011 letter: Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 eastern bank; at RM 5.0, west bank (across street from NJPAC); at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).



EPA staff recommendation:  Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 eastern bank and at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).  It is not necessary to place an icon at RM 5.0, though we do have anecdotal evidence that people do go near the water there.



	Comment 86:  



Page 80, Section 3.3.1.1., “Lower River Segment,” 1st sentence:  “The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial/commercial in nature, with very little public access to the shoreline.”



EPA July 11, 2011 comment:  Rephrase as follows:  “The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, residential and recreational near RM 4.”



EPA staff recommendation:  Rephrase as follows:  



“The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles (near Newark Bay) and starts to become more commercial, residential, and recreational near RM 4.”



	Comment 87:



Page 80, Section 3.3.1.1, “Lower River Segment”:  “The shoreline along this stretch of the river consists of active or abandoned industrial areas.”



EPA July 11, 2011 comment:  Delete and replace with “The shoreline along this stretch of the river consists of active or abandoned industrial areas up to RM4, but then transitions to thin strips of park land abutting the river as land use becomes more commercial and residential.”



EPA staff recommendation:  Delete and replace with: 



“The shoreline along this stretch of river consists mainly of active or abandoned industrial areas up to RM 4, but then starts to include more thin strips of park land abutting the river as land use starts to become more commercial, residential, and recreational.”



Comment 92:



Page 81, Section 3.3.1.1., “Upper River Segment”:  “The Upper River Segment (preliminarily defined as RM 10 to the Dundee Dam) transitions, with increasing distance upriver, from a mixture of industrial, commercial and some residential areas and public parks to more residential areas, compared with other sections of the river.”



EPA July  11, 2011 comment:  Delete sentence and replace with “The Upper River Segment (preliminarily defined as RM10 to the Dundee Dam) is the most residential and recreational segment of the river.”



EPA staff recommendation:  The CPG may add EPA’s sentence (without the parenthetical) after the CPG sentence, rather than delete the CPG sentence and replace it with EPA’s sentence.





CPG Issue #3



	Comment 77:



Page 64, Section 3.3, 2nd paragraph, 1st sentence:  “The LPRSA is a large and complex sediment site, and current site conditions reflect its long industrial history and urban setting.”



EPA July 11, 2011 comment:  Insert at the end of the sentence the following clause:   “, although in the future, most of the river is increasingly expected to be used for recreational activities.”



EPA staff recommendation:  Add modified clause at the end of the sentence:    



“, although in the future, large sections of the river are expected to be used increasingly for recreational activities.”









Comment 104:



Page 91, Section 3.3.4.2, 1st paragraph:  “It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), adults (>18 years).  Given the visible presence of shoreline and floating debris and trash, the presence of pathogenic contamination, and the urban setting of the river, including lack of public beaches, it is anticipated that swimming now and in the foreseeable future will be limited.  However, based on EPA’s directive, it is assumed that both the current and future swimmer will be exposed to COPCs in sediment and surface water while swimming in the river via:..”



EPA July 11, 2011 comment:  Delete and replace with the following: “Individuals of all ages may visit the Passaic River to swim.  Swimming is included in New Jersey’s designated use of the freshwater portion of the river from the confluence with Second River to Dundee Dam (RM 8-17), where the water has a classification of FW2-NT/SE2.  Swimming under current conditions may be limited by the visible presence of shoreline and floating debris, and trash.  However, once the parks that are already under construction are completed, and when other recreational improvements in municipal master plans are undertaken, future conditions are expected to provide greater access to and be more conducive to swimming.  Therefore, it is assumed that the current and future swimmer will be exposed to COPCs through contact with sediment while entering and leaving the river, and while swimming.  Adult (>18 years), adolescent (7 to 18 years old) and young child (1 to 6 years old) swimmers are assumed to be exposed to sediment and surface water via: …”



EPA staff recommendation:  See response to Comment 105 under CPG Issue #1.  Use the language provided in that response to replace Section 3.3.4.2 in its entirety. 



Comment 105:



See response for Comment 105 under CPG Issue #1.



Comment 128:



Page 101, Section 3.3.4.8, “Surface Water Exposure Time,” 1st paragraph:  “Given the highly developed and urbanized nature of the LPRSA, including the pathogenic contamination throughout the study area, frequent and extended periods of swimming, wading, or other activities involving intensive contact with surface water are not expected to occur under current or foreseeable future uses.  Thus, the USEPA Region 20directed exposure times and frequencies for the receptor scenarios involving contact with surface water are likely to overestimate exposures in the LPRSA.  The use of USEPA’s national default swimming exposure time of 2.6 hours per event does not reflect site-specific conditions and was not intended for a water body with compromised water quality and no designated swimming areas.  However, at the direction of USEPA, this default assumption is used in the baseline HHRA for the LPRSA.  The USEPA-directed surface water exposure times for each receptor scenario are summarized in Table 3-4.”



EPA July 11, 2011 comment:  Delete and replace with the following, “The NJAC Surface Water Quality Standards classification for the Passaic River from RM 0 to 8 includes secondary contact recreation (E.G, boating and fishing), and from RM8 to 17 includes primary contact recreation (e.g., swimming and wading), among other uses.  A number of boating and sculling clubs already make frequent use of the river (Passaic River Rowing Association 2010, Nereid Boat Club 2010) and improvements are being made to boat ramps throughout the 17 miles (City of Newark 2010).  Swimming under current conditions may be limited by the visible presence of shoreline and floating debris and trash.  However, once the parks that are already under construction are completed, and when other recreational improvements planned in municipal master plans are undertaken, future conditions are expected to provide greater access to and be more conducive to swimming[footnoteRef:1].  Therefore, exposure times and frequencies are designed for both current and future river users who will be exposed to COPCs in sediment and surface water, as summarized in Table 3-4.” [1:  The national average for time spent swimming is 2.6 hours/day.] 




EPA staff recommendation:   Delete last sentence of EPA proposed language (“Therefore…”) and replace with: 



“The exposure times and frequencies summarized in Table 3-4 are designed to reflect both current and future river users.  While the number of people utilizing the river in such a way as to be exposed to surface water will likely increase as improvements to the river are made, the exposure times and frequencies for particular individuals already utilizing the river in these ways are not expected to increase.”



CPG Issue #4



Comment 7:



EPA July 11, 2011 comment:  Since the entire RARC is subject to USEPA approval, the terms “directed for use by USEPA Region 2” or “USEPA Region 2-directed” are unnecessary specifications and should be deleted.  Specific comments below provide many instances.



EPA staff recommendation:  In general, no change from EPA’s 7/11/11 comment, except as noted below.



Comment 78:



Page 64, Section 3.3, 2nd paragraph, last sentence:  While use of some default or surrogate assumptions will be necessary in the remedial decision-making process, USEPA guidance documents stress the importance of using data that represent the characteristics of the local population(s) and site when possible and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a).



EPA July 11, 2011 comment:  delete and replace with “However, USEPA guidance (USEPA 1991a) also allows the use of default values developed by USEPA when there is a lack of site-specific data or consensus on which parameter value to choose, given a range of possibilities.”



EPA staff recommendation:  The CPG may add EPA’s language after the CPG’s last sentence, rather than delete it.



Comment 95:



Page 82, Section 3.3.2, 1st paragraph, 5th sentence:  At the direction of USEPA Region 2, an additional receptor (Worker) not identified in the PFD has been included as a potential receptor.

EPA July 11, 2011 comment:  Delete “At the direction of USEPA Region 2,”



EPA staff recommendation:  EPA agrees to remove this comment; the referenced language may remain in the plan.



Comment 99:



Page 90, Section 3.3.4, 2nd paragraph:  The values to be used for each of the RME and CTE exposure parameters are those that USEPA Region 2 directed CPG to use, were issued as directives on November 5, 2010, and are representative of USEPA default values. These values are presented in this Revised RARC Plan. On September 10, 2010, USEPA Region 2 provided comments on CPG’s Draft RARC Plan. USEPA’s comments included specific scenarios and exposure parameter values to be used in the baseline HHRA. The exposure pathways, receptors, and parameter values were provided in tabular form following Risk Assessment Guidance for Superfund (RAGS) Part D format (USEPA 2001c). These tabulated scenarios and parameter values are included as Appendix C of this Plan.



EPA July 11, 2011 comment:  Delete 2nd paragraph (unnecessary explanation).



EPA staff recommendation:  CPG may leave this paragraph in, rewording the beginning as follows:  



“The values to be used for each of the RME and CTE exposure parameters are generally those that USEPA Region 2 directed CPG to use.   All of EPA’s directions are consistent with EPA guidance, practices, and policies for conducting risk assessments.  These values are presented ….”





CPG Issue #5



Comment  110 (combining 110b and 110d):



Page 94, Section 3.3.4.7:  The ingestion rate is the amount of fish that an individual consumes on a daily basis based on averaging the reported consumption rate in one year over 365 days (i.e., an annualized rate). As directed by USEPA Region 2 and listed in Appendix C, the USEPA’s default fish ingestion rates for recreational freshwater anglers cited in USEPA’s Exposure Factors Handbook (USEPA 1997b) will be used. These rates are based on mail surveys of licensed anglers who pursue sportfishing in Maine, New

York (Lake Ontario), and Michigan (Great Lakes), and include both consumers and non-consumers (USEPA 1997b). The fish ingestion rates for the adult, adolescent, and child angler receptors as selected by USEPA Region 2 are as follows:



· Adult angler fish ingestion rate: RME of 26 g/day (the 95th percentile in the USEPA’s Exposure Factors Handbook), which is equivalent to approximately 40 half-pound meals/year, and CTE of 8 g/day (the recommended mean in the USEPA’s Exposure Factors Handbook) (USEPA 1997b)

· Adolescent angler (ages 7 to 18 years) fish ingestion rate: RME of 17 g/day and CTE of 5 g/day, based on USEPA’s assumption that the intake of the adolescent is approximately two-thirds that of the adult (USEPA 1997b)

· Child angler (ages 1 to 6 years) fish ingestion rate: RME of 8 g/day and CTE of 3 g/day, based on USEPA’s assumption that the intake of the child is approximately one-third that of the adult (USEPA 1997b)17



EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of fish that an individual consumes on a daily basis, based on averaging the reported consumption rate in 1 year over 365 days.  Ingestion rates for fish have been annualized and are presented in grams eaten per day (g/day).  The ingestion rate assumes the fish are caught while angling from the LPRSA only.  It is expected that ingestion of fish from local sources will be the main source of fish consumption for the anglers.  For consumption of fish, ingestion rates based on data collected for recreational anglers may obtained from the Exposure Factors Handbook (EFH) (USEPA 1997b), three surveys conducted in New Jersey (Burger 2002, May and Burger 1996, Center for Public Interest Polling and New Jersey Marine Sciences 1993, Burger et al 1998) and one survey conducted in New York (Connelly et al 1992).  Only the 1997 EFH, Burger 2002 and Connelly et al 1992 contain enough information to calculate statistical distributions for the ingestion rates.  Only the Burger 2002 and Connelly et al 1992 (as analyzed and applied in the externally peer-reviewed Human Health Risk Assessment for the Hudson River in TAMS Consultants 2000) included data from the New York/New Jersey Harbor, which encompasses the tidal portion of the Lower Passaic River (the 1997 EFH data were from surveys of anglers in Michigan, Maine and the Great Lakes).  Burger 2002 was from a survey conducted in the Newark Bay Complex.  Connelly et al (1992) was a New York Statewide Angler survey, whose data were used to calculate ingestion rates for the peer-reviewed Human Health Risk Assessment for the Hudson River (TAMS Consultants 2000).  Therefore, the fish ingestion rate for the Lower Passaic River RME adult angler (44 g/day) is calculated by averaging the high end (approximately 90th percentile) estimates from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day).  For the CTE value (13 g/day), the average of the mean of 22 g/day from Burger 2002 and the 50th percentile value of 4 g/day from Connelly et al 1992 is used.



A creel angler survey was conducted in the Lower Passaic River, as reported in Ray et al 2007.  The work plan for this survey was submitted to USEPA for review, but not approved; therefore, results from the survey cannot be used in this risk assessment.  However, it is noted that the fish ingestion rates for the RME adult based on data from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day) are consistent with the ingestion rate calculated from data reported in Ray et al 2007 (28 g/day).  Ray et al 2007 reported that only 7 anglers of those surveyed reported consuming fish.  The small number of consumers limits statistical evaluation of the consumption rate to the maximum reported consumption rate of 28 g/day (USEPA 1992d).”



EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add the following language after the first sentence, “The following analysis of ingestion rates is based on EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The memorandum should also be referenced as an appendix to the report.



Comment 113:



Page 96, Section 3.3.4.7, Crab Ingestion Rate: For crabs, USEPA has directed that consumption rates be based on a 1999 survey of Newark Bay anglers, including crabbers (Burger 2002). Based on the responses of 110 anglers who reported consuming crab, a mean crab ingestion rate was derived by multiplying the number of crab meals eaten per month by the number of crabs eaten at each meal by the number of months per year that anglers go crabbing (and presumably eat their catch), assuming the average serving size from one crab is 70 g.  Based on the Burger analysis, USEPA Region 2 has determined the following crab consumption rates:



· Adult receptor crab ingestion rate: RME of 23 g/day and CTE of 16 g/day 

· Adolescent receptor (ages 7 to 18 years) crab ingestion rate: RME of 15 g/day and CTE of 11 g/day, based on the assumption that the intake for the adolescent is approximately two-thirds that of the adult (USEPA 1997b)

· Child receptor (ages 1 to 6 years) crab ingestion rate: RME of 8 g/day and CTE of 5 g/day, based on the assumption that the intake for the child is approximately one-third that of the adult (USEPA 1997b)



EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of crab that an individual consumes on a daily basis based on averaging the reported consumption rate in 1 year over 365 days.  Ingestion rates for crab have been annualized and are presented in grams eaten per day (g/day).  The ingestion rate assumes the crabs are caught while angling from the LPRSA only.  It is expected that the main source of crab for ingestion is from the LPRSA.



Two studies provided data on crab consumption (Burger 2002; Burger et al 1998).  Consistent with the recommendations in RAGS Part A, a crab consumption rate was calculated at the 90th percentile, since the 95th percentile was not available.  In Burger (2002), for people who only crabbed, approximately 4% of all respondents (6.3% of “consumers only”) ate more than 4,200 g/month. Similarly, about 15% of all respondents (23% of “consumers only”) ate more than 1,400 g/month.  Excluding the non-consumers, the 90th percentile crab ingestion rate for crab consumers is estimated to be 3,590 g/month, or 32 g/day (assuming crabs are consumed 3.3 months of the year, per Table 2 of the paper). The mean crab ingestion rate is 16 g/day, based on data provided in Table 2 of the Burger (2002) paper (assuming that 5,760 g/year is consumed during 3.3 months of the year). This mean crab ingestion rate is consistent with the mean value of 16.6 g/day from Barnegat Bay (Burger et al. 1998).  Burger et al. 1998 did not report enough information to support statistical calculations of a 95th percentile ingestion rate.  Other studies in this area reported crab consumption but an ingestion rate could not be calculated based on the information presented (Burger et al. 1999 and Kirk-Pflugh et al. 1999).



The 90th percentile crab ingestion rate of 32 g/day is selected as the adult RME ingestion rate and the mean crab ingestion rate of 16 g/day is selected as the adult CTE rate.  Ingestion rates for the child and adolescent receptors are estimated assuming rates 1/3 and 2/3 those of the adult ingestion rates, respectively, as is assumed for fish ingestion.”



EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add the following language after the first sentence, “The following analysis of ingestion rates is based on EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The memorandum should also be referenced as an appendix to the report.





CPG Issue #6



Comments 112, 114, and 135:   



[The CPG has agreed to send EPA studies relevant to its request to discuss CTE scenarios with EPA.   EPA staff will review the studies to determine whether we think there is a basis to engage in those discussions – and therefore withdraw this issue from the dispute resolution process.  ]







Comment 115:



Page 97, Section 3.3.4.7, Cooking Loss for Crab:  As directed by USEPA Region 2, for both the RME and CTE crab consumption scenarios, a preparation and cooking loss factor of zero percent will be used for all contaminants. This is based on USEPA Region 2’s assumption that anglers consume the cooking water every time they eat crab. The assumption of no cooking loss is a very conservative assumption, particularly for the CTE scenario. Based on NJDEP survey data, most individuals who catch and consume crabs do not eat the hepatopancreas, and many remove it prior to cooking (Macro 2007, 2008; NJDEP 2002; ORC Macro 2006). Even if the hepatopancreas is not removed prior to cooking, contaminants in the hepatopancreas that may be released during cooking do not result in higher concentrations in the muscle tissue (Zabik et al. 1992). Removal of the hepatopancreas prior to cooking and discarding the cooking water is also recommended by NJDEP’s crab consumption advisory (NJDEP and NJDHSS 2010).

USEPA Region 2 has agreed to review the appropriateness of assuming no cooking loss for the CTE crab consumption scenario; the values to be used in the baseline HHRA may be amended pending the outcome of USEPA Region 2’s review.



EPA July 11, 2011 comment:  Delete and replace with, “A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under the RME and CTE scenarios, because data are not currently available from EPA or published literature to support any type of reduction in concentration under this type of exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still be assumed for the RME and CTE scenarios in the risk assessment.”



EPA staff recommendation:  Since EPA will allow the use of a cooking loss of 20% for PCBs under the CTE scenario, please use the following revised language: 



“A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under the RME, because data are not currently available from EPA or published literature to support any type of reduction in concentration under this type of exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still be assumed for the RME scenario.  A PCB cooking loss of 20% based on Zabik et al. should be assumed for the CTE scenario in the risk assessment.”





CPG Issue # 7



Comment 109:



Page 93, Section 3.3.4.5, 1st sentence: The resident is assumed to reside adjacent to the river.



EPA staff recommendation:  The residential scenario should be evaluated qualitatively in the risk assessment.  Results from the recent sampling of the recreational fields may be considered in the qualitative evaluation.  This scenario will need to be evaluated quantitatively at some point. Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this section can be deleted in its entirety.  



Comment 118:



Page 97, Section 3.3.4.8, Incidental Ingestion of Sediment, 2nd paragraph.  



EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this paragraph can be deleted in its entirety.



Comment 131:



Page 103, Section 3.3.4.8, Sediment and Surface Water Exposure Frequencies, 3rd paragraph.  



EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this paragraph can be deleted in its entirety.





CPG Issue #8



Comment 104:



See response to  Comment 105 under CPG Issue #1.





Comment 128:



See response to Comment 128 under CPG Issue #3.





CPG Issue #9



Comment 78:



See response to Comment 78 under CPG Issue #4.





Baseline Ecological Risk Assessment



CPG Issue #10



Comment 8:



EPA July 11, 2011 comment:  Until agreement is reached on the definition of reference condition through review and approval of the technical memorandum detailing the approach for developing background and reference conditions, terminology consistent with EPA guidance (1994b, 1997a) should be used.  Delete “urban” before “reference” throughout document.  This does not imply that EPA has made any decisions regarding the appropriateness of using urban conditions as reference sites, only that EPA would prefer to explore the issue thoroughly using the technical memorandum that is yet to be submitted.



EPA staff recommendation:  No change from EPA’s 7/11/11 comment.  In addition, please change the wording used in Table 2.1 back to what was used in the original RARC submitted in July 2010, and as consistent with the PFD.  



CPG Issue #11



Comment 34 

Table 2-1 (pp 17-22).  

EPA July 11, 2011 comment: The question posed relative to the egg number from estuarine benthic omnivores is not a risk question.  This question needs to be revised to read “Is the fecundity of estuarine benthic omnivores (e.g. mummichog) from the LPRSA similar to the fecundity of benthic omnivores from appropriately selected reference sites.”

EPA staff recommendation:  The CPG may leave the risk question as it is, consistent with the wording in the PFD.  However, egg numbers from literature must be presented in the risk assessment to provide context for evaluating the Passaic River numbers.  
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EPA Staff Recommended Revisions to Select Comments Disputed by CPG 
 

Human Health Risk Assessment 
 
CPG Issue #1: 
 

Comments 100, 101, and 102: 
 
These comments all relate to Page 90, Section 3.3.4, Paragraph 3:  “As stated in USEPA’s September 10, 
2010 comments, the scenarios and exposure parameter assumptions are intended to capture exposures 
under a future site condition, when parks and open spaces have been improved and expanded or 
developed at sites currently under other uses.  Such improvements could make people more likely to 
visit and spend more time along the river.  USEPA Region 2 has directed that the same set of scenarios 
and exposure parameter assumptions be used to assess both current and potential future baseline site 
risks.  As a revitalized and redeveloped riverfront is not the current condition, this approach will lead to 
overestimates of current exposures.  However, as directed by USEPA Region 2, the same scenarios and 
exposure parameter assumptions are used to account for both current and future site conditions.” 
 
EPA staff recommendation:  Replace the entire paragraph that is referenced above with:  
 
“In accordance with USEPA Guidance (USEPA 1989b, USEPA 2001c), the scenarios and exposure 
parameter assumptions are intended to capture exposures under both current and future site 
conditions.  All of the exposure pathways are currently complete.  While expected improvements to the 
river and shoreline will likely increase the number of individuals utilizing the river, the exposure 
frequency and duration for some individuals already utilizing the river will not likely increase.  As such, 
the use of combined current/future exposure assumptions is appropriate.” 
 

Comment 105:  
 

Page 92, Section 3.3.4.2, last paragraph:  “Because the likelihood of swimming in the LPRSA depends on 
several factors, including access, riverbank type, adjoining land, and waterway uses, it may not be 
appropriate to include swimming as a potential exposure pathway throughout the river.  The 
applicability of the swimming scenario throughout the LPRSA will be evaluated based on consideration 
of the above factors, as discussed in Section 3.3.5. 
 
EPA July 11, 2011 comment:  Delete and replace with:  “In accordance with USEPA guidance (USEPA 
1995, 2001d), comprehensive community master plans are a valuable source of information in 
determining reasonably anticipated future land use.  Many municipalities and counties along the Lower 
Passaic River have published master plans that call for the expansion and improvement of parks and 
open space along the river that will lead to higher exposure in the future (City of Newark 2010, City of 
Newark et all 2004, Clarke et al 2004, Clarke et al 1999, Heyer et al 2003, Heyer et al 2002, Borough of 
Rutherford et al 2007).  While the general usage types of the river may remain the same in the future, 
the usage frequency and number of access locations should increase over time based on these plans.  
This increased usage is taken into account in the exposure parameters discussed in Section 3.3.5.” 
 
EPA staff recommendation:  This comment, and Comment 104 (which the CPG disputes under Issues #3 
and #8), both relate to Section 3.3.4.2 of the RARC.  The following language should be used to replace 
the language in Section 3.3.4.2, in its entirety: 
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Section 3.3.4.3  Swimmer 

 
It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  
Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), and adults (>18 
years).  Given the visible deterrents to swimming along large sections of the river, including the 
presence of trash and debris and the generally urban setting of the river, the exposure frequency 
and duration for swimming is assumed to be relatively low, both currently and in the future.  To be 
clear, the number of exposed individuals will likely increase as improvements to the shoreline and 
river are made, but the exposure frequency and duration for some individuals already engaging in 
this scenario are not likely to increase.  It is assumed that the current/future swimmer may be 
exposed to COPCs in sediment and surface water while swimming via: 
  

• Direct Contact (incidental ingestion and dermal contact) with near shore river and mudflat 
surface sediment; 

• Direct contact (incidental ingestion and dermal contact) with river surface water; and 
• Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat sediment 

and/or surface water. 
 

Note that swimming is included in New Jersey’s designated uses of the freshwater portion of the 
river from the confluence with Second River to Dundee Dam (RM 8 – 17), where the water has a 
classification of FW2-NT/SE2, though this stretch of the river does not always meet the standards 
associated with this classification.  While the lower portion of the river is not currently classified as 
suitable for swimming, New Jersey can change the classification as conditions warrant.  The 
applicability of the swimming scenario throughout the LPRSA will be evaluated as part of the risk 
assessment, as discussed in Section 3.3.5 of this report. 

 
Comment 130: 

 
Page 102-103, Section 3.3.4.8, “Sediment and Surface Water Exposure Frequencies,” 2nd paragraph:  
“The USEPA Region2-directed sediment and surface water exposure frequencies for each receptor 
scenario are summarized in Table 3-5.  The exposure frequencies reflect an improved and more 
attractive LPRSA where recreational activities involving contact with water are common (e.g., 259 
days/year surface water exposure for the adult boater, 39 days/year sediment exposure for the adult 
swimmer).  Since these frequencies do not represent current site conditions, their use will lead to 
overestimates of potential risks.” 
 
EPA July 11, 2011 comment:  Delete and replace with:   
 

Sediment and surface water exposure frequencies for each receptor scenario are summarized in 
Table 3-5.  The exposure frequencies for the angler, swimmer, wader, and boater reflect both 
current conditions on the river, as well as future conditions after shoreline improvements laid 
out in municipal master plans are carried out.  Adult anglers, swimmers, and waders are 
assumed to fish, swim or wade in locations where they would contact sediment and surface 
water once a week during the summer months (13 weeks/year), or 13 days per year, for the 
RME scenario, and once every two weeks, or 7 days per year, for the CTE scenario.  Adolescent 
anglers, swimmers, and waders are assumed to be exposed to sediment and surface water 3 
days per week during the summer months, or 39 and 20 days per year respectively for the RME 
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and CTE scenarios.  Anglers may catch fish on more days than is assumed here, but are not 
expected to contact sediment and surface water every day that they fish. 

 
The surface water and sediment exposure frequency for the older child boater who canoes or 
kayaks is assumed to be equal to other recreational scenarios like swimming or wading, and is 
therefore assumed to occur 13 days/year for the RME scenario and 7 days/year for the CTE 
scenario. 

 
Surface water exposure frequencies for the adult and teenage (14 to 18 years old) boaters are 
based on information provided by Passaic River boating clubs (PRRA 2010, Nereid Boat Club 
2010).  The rowing season extends from March through mid-November (37 weeks).  Adult 
boaters row up to 7 days/week, for 1 to 2 hours/day; average frequency is 250 days/year (7 
days/week x 37 weeks/year) and the CTE frequency is 111 days/year (3 days/week x 37 
weeks/year).  For the teenage boaters, the high school rowing season primarily is from late 
February through the end of May, and sometimes includes rowing minimally in the fall.  The 
high school teams row 5 to 7 days per week for 1 to 2 hours per day.  Based on this information, 
for teenage boaters (14 to 18 years old) the RME frequency is 98 days/year (7 days/week x 14 
weeks/year) and the CTE frequency is 70 days/year (5 days/week x 14 weeks/year). 

 
Exposure to sediment for the adult and teenage boaters will occur with a much lower frequency 
than exposure to surface water.  Rowing locations south of Dundee Dam launch from docks, so 
contact with the riverbank happens when rowers flip out of the boat and need to wade in to get 
back in.  It is, therefore, assumed that sediment contact occurs once a month for the RME 
scenario and once every two months for the CTE scenario.  Accounting for the length of rowing 
season (37 weeks for adults and 14 weeks for teenage boaters), the adult sediment exposure 
frequency is 9 days/year for RME and 4 days/year for CTE; the teenage boater exposure 
frequency is 4 days/year from RME and 2 days/year for CTE.” 

 
EPA staff recommendation:  No change from July 11, 2011 comment letter, except to add the following 
sentence after the second sentence of EPA’s recommended language:  
 
“To be clear, the number of exposed individuals will likely increase as improvements to the shoreline 
and river are made, but the exposure frequency and duration for some individuals already engaging in 
these scenarios are not likely to increase.” 
 
[Note:  EPA agrees that if the risk assessment shows that the swimmer scenario is driving the risk, we 
will revisit our approach to this aspect of the assessment.] 
 
CPG Issue #2 
 
 Comment 11: 

 
Page 2, Section 1.1, 1st paragraph, as submitted in February 2011 RARC :  “The LPRSA was increasingly 
urbanized for more than two centuries; it has served as the receiving environment for industrial and 
municipal waste discharges since the nineteenth century.” 
 
EPA July 11, 2011 comment:  Add after that line at the end of the paragraph:  “However, it is now 
increasingly used for recreational activities such as boating, fishing, and crabbing as parks and boat 
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ramps are actively being restored or newly established (site-specific information provided by Passaic 
River Rowing Association 2010; Nereid Boat Club 2010; City of Newark 2010). 
 
EPA staff recommendation:  No change from the July 11, 2011 comment letter, except to remove 
“crabbing” from the list of activities. 
 
 Comment 83: 
 
Page 69, Section 3.3.1.1, 2nd paragraph:  “The lower 6 miles are predominantly commercial and 
industrial with little public access.” 
 
EPA July 11, 2011 comment:  Delete and replace with the following:  “Adjacent land use is 
predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, 
residential and recreational near RM4.  Land use is increasingly residential and recreational above RM 
8.” 
 
EPA staff recommendation:  Delete and replace with the following:   
 
“Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and starts to 
include more commercial, residential, and recreational uses around RM 4, with the locations of 
Riverbank and Minish Parks.” 
 
 Comment 84: 
 
EPA Comment in July 11, 2011 letter: Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 
6.5 eastern bank; at RM 5.0, west bank (across street from NJPAC); at RM 4.0, south bank (across 
Raymond Blvd. from Riverbank Park). 
 
EPA staff recommendation:  Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 
eastern bank and at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).  It is not necessary 
to place an icon at RM 5.0, though we do have anecdotal evidence that people do go near the water 
there. 
 
 Comment 86:   
 
Page 80, Section 3.3.1.1., “Lower River Segment,” 1st sentence:  “The Lower River Segment (preliminarily 
defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial/commercial in 
nature, with very little public access to the shoreline.” 
 
EPA July 11, 2011 comment:  Rephrase as follows:  “The Lower River Segment (preliminarily defined as 
RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles 
(near Newark Bay) and transitions to commercial, residential and recreational near RM 4.” 
 
EPA staff recommendation:  Rephrase as follows:   
 
“The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as 
predominantly industrial in the lower river miles (near Newark Bay) and starts to become more 
commercial, residential, and recreational near RM 4.” 
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 Comment 87: 
 
Page 80, Section 3.3.1.1, “Lower River Segment”:  “The shoreline along this stretch of the river consists 
of active or abandoned industrial areas.” 
 
EPA July 11, 2011 comment:  Delete and replace with “The shoreline along this stretch of the river 
consists of active or abandoned industrial areas up to RM4, but then transitions to thin strips of park 
land abutting the river as land use becomes more commercial and residential.” 
 
EPA staff recommendation:  Delete and replace with:  
 
“The shoreline along this stretch of river consists mainly of active or abandoned industrial areas up to 
RM 4, but then starts to include more thin strips of park land abutting the river as land use starts to 
become more commercial, residential, and recreational.” 
 

Comment 92: 
 
Page 81, Section 3.3.1.1., “Upper River Segment”:  “The Upper River Segment (preliminarily defined as 
RM 10 to the Dundee Dam) transitions, with increasing distance upriver, from a mixture of industrial, 
commercial and some residential areas and public parks to more residential areas, compared with other 
sections of the river.” 
 
EPA July  11, 2011 comment:  Delete sentence and replace with “The Upper River Segment (preliminarily 
defined as RM10 to the Dundee Dam) is the most residential and recreational segment of the river.” 
 
EPA staff recommendation:  The CPG may add EPA’s sentence (without the parenthetical) after the CPG 
sentence, rather than delete the CPG sentence and replace it with EPA’s sentence. 
 
 
CPG Issue #3 
 
 Comment 77: 
 
Page 64, Section 3.3, 2nd paragraph, 1st sentence:  “The LPRSA is a large and complex sediment site, and 
current site conditions reflect its long industrial history and urban setting.” 
 
EPA July 11, 2011 comment:  Insert at the end of the sentence the following clause:   “, although in the 
future, most of the river is increasingly expected to be used for recreational activities.” 
 
EPA staff recommendation:  Add modified clause at the end of the sentence:     
 
“, although in the future, large sections of the river are expected to be used increasingly for recreational 
activities.” 
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Comment 104: 
 
Page 91, Section 3.3.4.2, 1st paragraph:  “It is assumed that recreational users of the LPRSA may 
occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), 
adolescents (7 to 18 years), adults (>18 years).  Given the visible presence of shoreline and floating 
debris and trash, the presence of pathogenic contamination, and the urban setting of the river, including 
lack of public beaches, it is anticipated that swimming now and in the foreseeable future will be limited.  
However, based on EPA’s directive, it is assumed that both the current and future swimmer will be 
exposed to COPCs in sediment and surface water while swimming in the river via:..” 
 
EPA July 11, 2011 comment:  Delete and replace with the following: “Individuals of all ages may visit the 
Passaic River to swim.  Swimming is included in New Jersey’s designated use of the freshwater portion of 
the river from the confluence with Second River to Dundee Dam (RM 8-17), where the water has a 
classification of FW2-NT/SE2.  Swimming under current conditions may be limited by the visible 
presence of shoreline and floating debris, and trash.  However, once the parks that are already under 
construction are completed, and when other recreational improvements in municipal master plans are 
undertaken, future conditions are expected to provide greater access to and be more conducive to 
swimming.  Therefore, it is assumed that the current and future swimmer will be exposed to COPCs 
through contact with sediment while entering and leaving the river, and while swimming.  Adult (>18 
years), adolescent (7 to 18 years old) and young child (1 to 6 years old) swimmers are assumed to be 
exposed to sediment and surface water via: …” 
 
EPA staff recommendation:  See response to Comment 105 under CPG Issue #1.  Use the language 
provided in that response to replace Section 3.3.4.2 in its entirety.  
 

Comment 105: 
 
See response for Comment 105 under CPG Issue #1. 
 

Comment 128: 
 
Page 101, Section 3.3.4.8, “Surface Water Exposure Time,” 1st paragraph:  “Given the highly developed 
and urbanized nature of the LPRSA, including the pathogenic contamination throughout the study area, 
frequent and extended periods of swimming, wading, or other activities involving intensive contact with 
surface water are not expected to occur under current or foreseeable future uses.  Thus, the USEPA 
Region 20directed exposure times and frequencies for the receptor scenarios involving contact with 
surface water are likely to overestimate exposures in the LPRSA.  The use of USEPA’s national default 
swimming exposure time of 2.6 hours per event does not reflect site-specific conditions and was not 
intended for a water body with compromised water quality and no designated swimming areas.  
However, at the direction of USEPA, this default assumption is used in the baseline HHRA for the LPRSA.  
The USEPA-directed surface water exposure times for each receptor scenario are summarized in Table 3-
4.” 
 
EPA July 11, 2011 comment:  Delete and replace with the following, “The NJAC Surface Water Quality 
Standards classification for the Passaic River from RM 0 to 8 includes secondary contact recreation (E.G, 
boating and fishing), and from RM8 to 17 includes primary contact recreation (e.g., swimming and 
wading), among other uses.  A number of boating and sculling clubs already make frequent use of the 
river (Passaic River Rowing Association 2010, Nereid Boat Club 2010) and improvements are being made 
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to boat ramps throughout the 17 miles (City of Newark 2010).  Swimming under current conditions may 
be limited by the visible presence of shoreline and floating debris and trash.  However, once the parks 
that are already under construction are completed, and when other recreational improvements planned 
in municipal master plans are undertaken, future conditions are expected to provide greater access to 
and be more conducive to swimming1

 

.  Therefore, exposure times and frequencies are designed for 
both current and future river users who will be exposed to COPCs in sediment and surface water, as 
summarized in Table 3-4.” 

EPA staff recommendation:   Delete last sentence of EPA proposed language (“Therefore…”) and replace 
with:  
 
“The exposure times and frequencies summarized in Table 3-4 are designed to reflect both current and 
future river users.  While the number of people utilizing the river in such a way as to be exposed to 
surface water will likely increase as improvements to the river are made, the exposure times and 
frequencies for particular individuals already utilizing the river in these ways are not expected to 
increase.” 
 
CPG Issue #4 
 

Comment 7: 
 
EPA July 11, 2011 comment:  Since the entire RARC is subject to USEPA approval, the terms “directed for 
use by USEPA Region 2” or “USEPA Region 2-directed” are unnecessary specifications and should be 
deleted.  Specific comments below provide many instances. 
 
EPA staff recommendation:  In general, no change from EPA’s 7/11/11 comment, except as noted 
below. 
 

Comment 78: 
 
Page 64, Section 3.3, 2nd paragraph, last sentence:  While use of some default or surrogate assumptions 
will be necessary in the remedial decision-making process, USEPA guidance documents stress the 
importance of using data that represent the characteristics of the local population(s) and site when 
possible and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a). 
 
EPA July 11, 2011 comment:  delete and replace with “However, USEPA guidance (USEPA 1991a) also 
allows the use of default values developed by USEPA when there is a lack of site-specific data or 
consensus on which parameter value to choose, given a range of possibilities.” 
 
EPA staff recommendation:  The CPG may add EPA’s language after the CPG’s last sentence, rather than 
delete it. 
 

Comment 95: 
 

Page 82, Section 3.3.2, 1st paragraph, 5th sentence:  At the direction of USEPA Region 2, an additional 
receptor (Worker) not identified in the PFD has been included as a potential receptor. 

                                                            
1 The national average for time spent swimming is 2.6 hours/day. 
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EPA July 11, 2011 comment:  Delete “At the direction of USEPA Region 2,” 
 
EPA staff recommendation:  EPA agrees to remove this comment; the referenced language may remain 
in the plan. 
 

Comment 99: 
 
Page 90, Section 3.3.4, 2nd paragraph:  The values to be used for each of the RME and CTE exposure 
parameters are those that USEPA Region 2 directed CPG to use, were issued as directives on November 
5, 2010, and are representative of USEPA default values. These values are presented in this Revised 
RARC Plan. On September 10, 2010, USEPA Region 2 provided comments on CPG’s Draft RARC Plan. 
USEPA’s comments included specific scenarios and exposure parameter values to be used in the 
baseline HHRA. The exposure pathways, receptors, and parameter values were provided in tabular form 
following Risk Assessment Guidance for Superfund (RAGS) Part D format (USEPA 2001c). These tabulated 
scenarios and parameter values are included as Appendix C of this Plan. 
 
EPA July 11, 2011 comment:  Delete 2nd paragraph (unnecessary explanation). 
 
EPA staff recommendation:  CPG may leave this paragraph in, rewording the beginning as follows:   
 
“The values to be used for each of the RME and CTE exposure parameters are generally those that 
USEPA Region 2 directed CPG to use.   All of EPA’s directions are consistent with EPA guidance, practices, 
and policies for conducting risk assessments.  These values are presented ….” 
 
 
CPG Issue #5 
 

Comment  110 (combining 110b and 110d): 
 
Page 94, Section 3.3.4.7:  The ingestion rate is the amount of fish that an individual consumes on a daily 
basis based on averaging the reported consumption rate in one year over 365 days (i.e., an annualized 
rate). As directed by USEPA Region 2 and listed in Appendix C, the USEPA’s default fish ingestion rates 
for recreational freshwater anglers cited in USEPA’s Exposure Factors Handbook (USEPA 1997b) will be 
used. These rates are based on mail surveys of licensed anglers who pursue sportfishing in Maine, New 
York (Lake Ontario), and Michigan (Great Lakes), and include both consumers and non-consumers 
(USEPA 1997b). The fish ingestion rates for the adult, adolescent, and child angler receptors as selected 
by USEPA Region 2 are as follows: 
 

• Adult angler fish ingestion rate: RME of 26 g/day (the 95th percentile in the USEPA’s Exposure 
Factors Handbook), which is equivalent to approximately 40 half-pound meals/year, and CTE of 
8 g/day (the recommended mean in the USEPA’s Exposure Factors Handbook) (USEPA 1997b) 

• Adolescent angler (ages 7 to 18 years) fish ingestion rate: RME of 17 g/day and CTE of 5 g/day, 
based on USEPA’s assumption that the intake of the adolescent is approximately two-thirds that 
of the adult (USEPA 1997b) 

• Child angler (ages 1 to 6 years) fish ingestion rate: RME of 8 g/day and CTE of 3 g/day, based on 
USEPA’s assumption that the intake of the child is approximately one-third that of the adult 
(USEPA 1997b)17 
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EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of fish that an 
individual consumes on a daily basis, based on averaging the reported consumption rate in 1 year over 
365 days.  Ingestion rates for fish have been annualized and are presented in grams eaten per day 
(g/day).  The ingestion rate assumes the fish are caught while angling from the LPRSA only.  It is 
expected that ingestion of fish from local sources will be the main source of fish consumption for the 
anglers.  For consumption of fish, ingestion rates based on data collected for recreational anglers may 
obtained from the Exposure Factors Handbook (EFH) (USEPA 1997b), three surveys conducted in New 
Jersey (Burger 2002, May and Burger 1996, Center for Public Interest Polling and New Jersey Marine 
Sciences 1993, Burger et al 1998) and one survey conducted in New York (Connelly et al 1992).  Only the 
1997 EFH, Burger 2002 and Connelly et al 1992 contain enough information to calculate statistical 
distributions for the ingestion rates.  Only the Burger 2002 and Connelly et al 1992 (as analyzed and 
applied in the externally peer-reviewed Human Health Risk Assessment for the Hudson River in TAMS 
Consultants 2000) included data from the New York/New Jersey Harbor, which encompasses the tidal 
portion of the Lower Passaic River (the 1997 EFH data were from surveys of anglers in Michigan, Maine 
and the Great Lakes).  Burger 2002 was from a survey conducted in the Newark Bay Complex.  Connelly 
et al (1992) was a New York Statewide Angler survey, whose data were used to calculate ingestion rates 
for the peer-reviewed Human Health Risk Assessment for the Hudson River (TAMS Consultants 2000).  
Therefore, the fish ingestion rate for the Lower Passaic River RME adult angler (44 g/day) is calculated 
by averaging the high end (approximately 90th percentile) estimates from Burger 2002 (57 g/day) and 
Connelly et al 1992 (32 g/day).  For the CTE value (13 g/day), the average of the mean of 22 g/day from 
Burger 2002 and the 50th percentile value of 4 g/day from Connelly et al 1992 is used. 
 
A creel angler survey was conducted in the Lower Passaic River, as reported in Ray et al 2007.  The work 
plan for this survey was submitted to USEPA for review, but not approved; therefore, results from the 
survey cannot be used in this risk assessment.  However, it is noted that the fish ingestion rates for the 
RME adult based on data from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day) are consistent 
with the ingestion rate calculated from data reported in Ray et al 2007 (28 g/day).  Ray et al 2007 
reported that only 7 anglers of those surveyed reported consuming fish.  The small number of 
consumers limits statistical evaluation of the consumption rate to the maximum reported consumption 
rate of 28 g/day (USEPA 1992d).” 
 
EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add 
the following language after the first sentence, “The following analysis of ingestion rates is based on 
EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The 
memorandum should also be referenced as an appendix to the report. 
 

Comment 113: 
 
Page 96, Section 3.3.4.7, Crab Ingestion Rate: For crabs, USEPA has directed that consumption rates be 
based on a 1999 survey of Newark Bay anglers, including crabbers (Burger 2002). Based on the 
responses of 110 anglers who reported consuming crab, a mean crab ingestion rate was derived by 
multiplying the number of crab meals eaten per month by the number of crabs eaten at each meal by 
the number of months per year that anglers go crabbing (and presumably eat their catch), assuming the 
average serving size from one crab is 70 g.  Based on the Burger analysis, USEPA Region 2 has 
determined the following crab consumption rates: 
 

• Adult receptor crab ingestion rate: RME of 23 g/day and CTE of 16 g/day  
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• Adolescent receptor (ages 7 to 18 years) crab ingestion rate: RME of 15 g/day and CTE of 11 
g/day, based on the assumption that the intake for the adolescent is approximately two-thirds 
that of the adult (USEPA 1997b) 

• Child receptor (ages 1 to 6 years) crab ingestion rate: RME of 8 g/day and CTE of 5 g/day, based 
on the assumption that the intake for the child is approximately one-third that of the adult 
(USEPA 1997b) 

 
EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of crab that an 
individual consumes on a daily basis based on averaging the reported consumption rate in 1 year over 
365 days.  Ingestion rates for crab have been annualized and are presented in grams eaten per day 
(g/day).  The ingestion rate assumes the crabs are caught while angling from the LPRSA only.  It is 
expected that the main source of crab for ingestion is from the LPRSA. 
 
Two studies provided data on crab consumption (Burger 2002; Burger et al 1998).  Consistent with the 
recommendations in RAGS Part A, a crab consumption rate was calculated at the 90th percentile, since 
the 95th percentile was not available.  In Burger (2002), for people who only crabbed, approximately 4% 
of all respondents (6.3% of “consumers only”) ate more than 4,200 g/month. Similarly, about 15% of all 
respondents (23% of “consumers only”) ate more than 1,400 g/month.  Excluding the non-consumers, 
the 90th percentile crab ingestion rate for crab consumers is estimated to be 3,590 g/month, or 32 
g/day (assuming crabs are consumed 3.3 months of the year, per Table 2 of the paper). The mean crab 
ingestion rate is 16 g/day, based on data provided in Table 2 of the Burger (2002) paper (assuming that 
5,760 g/year is consumed during 3.3 months of the year). This mean crab ingestion rate is consistent 
with the mean value of 16.6 g/day from Barnegat Bay (Burger et al. 1998).  Burger et al. 1998 did not 
report enough information to support statistical calculations of a 95th percentile ingestion rate.  Other 
studies in this area reported crab consumption but an ingestion rate could not be calculated based on 
the information presented (Burger et al. 1999 and Kirk-Pflugh et al. 1999). 
 
The 90th percentile crab ingestion rate of 32 g/day is selected as the adult RME ingestion rate and the 
mean crab ingestion rate of 16 g/day is selected as the adult CTE rate.  Ingestion rates for the child and 
adolescent receptors are estimated assuming rates 1/3 and 2/3 those of the adult ingestion rates, 
respectively, as is assumed for fish ingestion.” 
 
EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add 
the following language after the first sentence, “The following analysis of ingestion rates is based on 
EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The 
memorandum should also be referenced as an appendix to the report. 
 
 
CPG Issue #6 
 

Comments 112, 114, and 135:    
 
[The CPG has agreed to send EPA studies relevant to its request to discuss CTE scenarios with EPA.   EPA 
staff will review the studies to determine whether we think there is a basis to engage in those 
discussions – and therefore withdraw this issue from the dispute resolution process.  ] 
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Comment 115: 
 
Page 97, Section 3.3.4.7, Cooking Loss for Crab:  As directed by USEPA Region 2, for both the RME and 
CTE crab consumption scenarios, a preparation and cooking loss factor of zero percent will be used for 
all contaminants. This is based on USEPA Region 2’s assumption that anglers consume the cooking water 
every time they eat crab. The assumption of no cooking loss is a very conservative assumption, 
particularly for the CTE scenario. Based on NJDEP survey data, most individuals who catch and consume 
crabs do not eat the hepatopancreas, and many remove it prior to cooking (Macro 2007, 2008; NJDEP 
2002; ORC Macro 2006). Even if the hepatopancreas is not removed prior to cooking, contaminants in 
the hepatopancreas that may be released during cooking do not result in higher concentrations in the 
muscle tissue (Zabik et al. 1992). Removal of the hepatopancreas prior to cooking and discarding the 
cooking water is also recommended by NJDEP’s crab consumption advisory (NJDEP and NJDHSS 2010). 
USEPA Region 2 has agreed to review the appropriateness of assuming no cooking loss for the CTE crab 
consumption scenario; the values to be used in the baseline HHRA may be amended pending the 
outcome of USEPA Region 2’s review. 
 
EPA July 11, 2011 comment:  Delete and replace with, “A cooking loss factor accounts for the amount of 
contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue 
crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  
Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on 
the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to 
reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the 
consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the 
crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in 
juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with 
the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under 
the RME and CTE scenarios, because data are not currently available from EPA or published literature to 
support any type of reduction in concentration under this type of exposure scenario.  A study published 
by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in 
Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB 
concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 
percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these 
results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used 
to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may 
be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still 
be assumed for the RME and CTE scenarios in the risk assessment.” 
 
EPA staff recommendation:  Since EPA will allow the use of a cooking loss of 20% for PCBs under the CTE 
scenario, please use the following revised language:  
 
“A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking 
process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or 
steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of 
the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that 
no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  
Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to 
the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed 
and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed 
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that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is 
assumed to be 0 percent for all contaminants under the RME, because data are not currently available 
from EPA or published literature to support any type of reduction in concentration under this type of 
exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking 
on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that 
boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the 
cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author 
was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be 
consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss 
assuming discarding the cooking water may be discussed in the uncertainty section of the risk 
assessment, but a cooking loss of 0 percent should still be assumed for the RME scenario.  A PCB cooking 
loss of 20% based on Zabik et al. should be assumed for the CTE scenario in the risk assessment.” 
 
 
CPG Issue # 7 

 
Comment 109: 

 
Page 93, Section 3.3.4.5, 1st sentence: The resident is assumed to reside adjacent to the river. 
 
EPA staff recommendation:  The residential scenario should be evaluated qualitatively in the risk 
assessment.  Results from the recent sampling of the recreational fields may be considered in the 
qualitative evaluation.  This scenario will need to be evaluated quantitatively at some point. Since the 
residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the 
future, this section can be deleted in its entirety.   
 

Comment 118: 
 
Page 97, Section 3.3.4.8, Incidental Ingestion of Sediment, 2nd paragraph.   
 
EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in 
this risk assessment, but rather in the future, this paragraph can be deleted in its entirety. 

 
Comment 131: 

 
Page 103, Section 3.3.4.8, Sediment and Surface Water Exposure Frequencies, 3rd paragraph.   
 
EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in 
this risk assessment, but rather in the future, this paragraph can be deleted in its entirety. 
 
 
CPG Issue #8 
 

Comment 104: 
 
See response to  Comment 105 under CPG Issue #1. 
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Comment 128: 
 
See response to Comment 128 under CPG Issue #3. 
 
 
CPG Issue #9 

 
Comment 78: 

 
See response to Comment 78 under CPG Issue #4. 
 
 
Baseline Ecological Risk Assessment 

 
CPG Issue #10 
 

Comment 8: 
 
EPA July 11, 2011 comment:  Until agreement is reached on the definition of reference condition 
through review and approval of the technical memorandum detailing the approach for developing 
background and reference conditions, terminology consistent with EPA guidance (1994b, 1997a) should 
be used.  Delete “urban” before “reference” throughout document.  This does not imply that EPA has 
made any decisions regarding the appropriateness of using urban conditions as reference sites, only that 
EPA would prefer to explore the issue thoroughly using the technical memorandum that is yet to be 
submitted. 
 
EPA staff recommendation:  No change from EPA’s 7/11/11 comment.  In addition, please change the 
wording used in Table 2.1 back to what was used in the original RARC submitted in July 2010, and as 
consistent with the PFD.   

 
CPG Issue #11 
 

Comment 34  

Table 2-1 (pp 17-22).   

EPA July 11, 2011 comment: The question posed relative to the egg number from estuarine benthic 
omnivores is not a risk question.  This question needs to be revised to read “Is the fecundity of estuarine 
benthic omnivores (e.g. mummichog) from the LPRSA similar to the fecundity of benthic omnivores from 
appropriately selected reference sites.” 

EPA staff recommendation:  The CPG may leave the risk question as it is, consistent with the wording in 
the PFD.  However, egg numbers from literature must be presented in the risk assessment to provide 
context for evaluating the Passaic River numbers.  
 





From: Monsen, Dawn M.
To: Monsen, Dawn M.
Subject: FW: Diamond Alkali LPRSA - Dispute Resolution
Date: Tuesday, March 13, 2012 9:00:15 AM
Attachments: 1205 Response for CPG-disputed comments_edits_20111207.docx

 

From: Mack, Karyllan Dodson 
Sent: Thursday, December 08, 2011 6:39 PM
To: 'Flanagan.Sarah@epamail.epa.gov'
Cc: Basso.Ray@epamail.epa.gov; Vaughn.Stephanie@epamail.epa.gov; Hick.Patricia@epamail.epa.gov;
Hyatt, Jr., William; Monsen, Dawn M.; 'Robert Law'
Subject: RE: Diamond Alkali LPRSA - Dispute Resolution

Sarah,
 
Attached please find the CPG's comments on the EPA Staff Recommended Revisions document.  As
Rob has informed Stephanie, we will be identifying the issues that we believe are unresolved in a
separate correspondence. 
 
Thanks,
Karyllan

From: Flanagan.Sarah@epamail.epa.gov [mailto:Flanagan.Sarah@epamail.epa.gov] 
Sent: Monday, December 05, 2011 4:32 PM
To: Hyatt, Jr., William; Mack, Karyllan Dodson
Cc: Basso.Ray@epamail.epa.gov; Vaughn.Stephanie@epamail.epa.gov; Hick.Patricia@epamail.epa.gov
Subject: Diamond Alkali LPRSA - Dispute Resolution

Bill, 

As discussed on December 1, 2011, I am attaching a written version of the EPA Region 2 staff
recommended language to address certain of the issues/objections raised by the Cooperating Parties
Group (CPG).  We only included language for those items that we are agreeing to change, not those
where EPA is sticking to its prior instructions.  We request that the CPG review our language and
determine whether there are any disputed issues that it will consider resolved.   

I should note that we did add one new sentence, in the section on Issue 5, to clarify that the analysis
of ingestion rates is based on EPA's Technical Memorandum on Fish and Crab Consumption Rates.   

We look forward to receiving an indication from the CPG as to which, if any, of our recommended
changes will resolve the CPG's objections.   

I am also attaching a copy of the attendance sheet.     

Regards, 

Sarah 

Sarah P. Flanagan
Office of Regional Counsel, NJ Superfund Branch
USEPA, Region 2

mailto:dawn.monsen@klgates.com
mailto:dawn.monsen@klgates.com



EPA Staff Recommended Revisions to Select Comments Disputed by CPG



Human Health Risk Assessment



CPG Issue #1:



Comments 100, 101, and 102:



These comments all relate to Page 90, Section 3.3.4, Paragraph 3:  “As stated in USEPA’s September 10, 2010 comments, the scenarios and exposure parameter assumptions are intended to capture exposures under a future site condition, when parks and open spaces have been improved and expanded or developed at sites currently under other uses.  Such improvements could make people more likely to visit and spend more time along the river.  USEPA Region 2 has directed that the same set of scenarios and exposure parameter assumptions be used to assess both current and potential future baseline site risks.  As a revitalized and redeveloped riverfront is not the current condition, this approach will lead to overestimates of current exposures.  However, as directed by USEPA Region 2, the same scenarios and exposure parameter assumptions are used to account for both current and future site conditions.”



EPA staff recommendation:  Replace the entire paragraph that is referenced above with: 



“In accordance with USEPA Guidance (USEPA 1989b, USEPA 2001c), the scenarios and exposure parameter assumptions are intended to capture exposures under both current and future site conditions.  All of the exposure pathways are currently complete.  While expected improvements to the river and shoreline will likely increase the number of individuals utilizing the river, the exposure frequency and duration for some individuals already utilizing the river will not likely increase.  As such, the use of combined current/future exposure assumptions is appropriate.”	Comment by ensr: What guidance is this?  RARC lists EPA 2001c as RAGS Part A, Process for Conducting Probabilistic RA, which does not seem relevant to the discussion.



Comment 105: 



Page 92, Section 3.3.4.2, last paragraph:  “Because the likelihood of swimming in the LPRSA depends on several factors, including access, riverbank type, adjoining land, and waterway uses, it may not be appropriate to include swimming as a potential exposure pathway throughout the river.  The applicability of the swimming scenario throughout the LPRSA will be evaluated based on consideration of the above factors, as discussed in Section 3.3.5.


EPA July 11, 2011 comment:  Delete and replace with:  “In accordance with USEPA guidance (USEPA 1995, 2001d), comprehensive community master plans are a valuable source of information in determining reasonably anticipated future land use.  Many municipalities and counties along the Lower Passaic River have published master plans that call for the expansion and improvement of parks and open space along the river that will lead to higher exposure in the future (City of Newark 2010, City of Newark et all 2004, Clarke et al 2004, Clarke et al 1999, Heyer et al 2003, Heyer et al 2002, Borough of Rutherford et al 2007).  While the general usage types of the river may remain the same in the future, the usage frequency and number of access locations should increase over time based on these plans.  This increased usage is taken into account in the exposure parameters discussed in Section 3.3.5.”



EPA staff recommendation:  This comment, and Comment 104 (which the CPG disputes under Issues #3 and #8), both relate to Section 3.3.4.2 of the RARC.  The following language should be used to replace the language in Section 3.3.4.2, in its entirety:

	

Section 3.3.4.3  Swimmer



It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), and adults (>18 years).  Given the visible deterrents to swimming along large sections of the river, including the presence of trash and debris and the generally urban setting of the river, the exposure frequency and duration for swimming is assumed to be relatively low, both currently and in the future.  To be clear, the number of exposed individuals will likely increase as improvements to the shoreline and river are made, but the exposure frequency and duration for some individuals already engaging in this scenario are not likely to increase.  It is assumed that the current/future swimmer may be exposed to COPCs in sediment and surface water while swimming via:

	

· Direct Contact (incidental ingestion and dermal contact) with near shore river and mudflat surface sediment;

· Direct contact (incidental ingestion and dermal contact) with river surface water; and

· Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat sediment and/or surface water.



Note that swimming is included in New Jersey’s designated uses of the freshwater portion of the river from the confluence with Second River to Dundee Dam (RM 8 – 17), where the water has a classification of FW2-NT/SE2, though this stretch of the river does not always meet the standards associated with this classification.  While the lower portion of the river is not currently classified as suitable for swimming, New Jersey can change the classification as conditions warrant.  The applicability of the swimming scenario throughout the LPRSA will be evaluated as part of the risk assessment, as discussed in Section 3.3.5 of this report.	Comment by ensr: It would be more accurate to state “frequently does not meet”. 



Comment 130:



Page 102-103, Section 3.3.4.8, “Sediment and Surface Water Exposure Frequencies,” 2nd paragraph:  “The USEPA Region2-directed sediment and surface water exposure frequencies for each receptor scenario are summarized in Table 3-5.  The exposure frequencies reflect an improved and more attractive LPRSA where recreational activities involving contact with water are common (e.g., 259 days/year surface water exposure for the adult boater, 39 days/year sediment exposure for the adult swimmer).  Since these frequencies do not represent current site conditions, their use will lead to overestimates of potential risks.”



EPA July 11, 2011 comment:  Delete and replace with:  



Sediment and surface water exposure frequencies for each receptor scenario are summarized in Table 3-5.  The exposure frequencies for the angler, swimmer, wader, and boater reflect both current conditions on the river, as well as future conditions after shoreline improvements laid out in municipal master plans are carried out.  Adult anglers, swimmers, and waders are assumed to fish, swim or wade in locations where they would contact sediment and surface water once a week during the summer months (13 weeks/year), or 13 days per year, for the RME scenario, and once every two weeks, or 7 days per year, for the CTE scenario.  Adolescent anglers, swimmers, and waders are assumed to be exposed to sediment and surface water 3 days per week during the summer months, or 39 and 20 days per year respectively for the RME and CTE scenarios.  Anglers may catch fish on more days than is assumed here, but are not expected to contact sediment and surface water every day that they fish.



The surface water and sediment exposure frequency for the older child boater who canoes or kayaks is assumed to be equal to other recreational scenarios like swimming or wading, and is therefore assumed to occur 13 days/year for the RME scenario and 7 days/year for the CTE scenario.



Surface water exposure frequencies for the adult and teenage (14 to 18 years old) boaters are based on information provided by Passaic River boating clubs (PRRA 2010, Nereid Boat Club 2010).  The rowing season extends from March through mid-November (37 weeks).  Adult boaters row up to 7 days/week, for 1 to 2 hours/day; average frequency is 250 days/year (7 days/week x 37 weeks/year) and the CTE frequency is 111 days/year (3 days/week x 37 weeks/year).  For the teenage boaters, the high school rowing season primarily is from late February through the end of May, and sometimes includes rowing minimally in the fall.  The high school teams row 5 to 7 days per week for 1 to 2 hours per day.  Based on this information, for teenage boaters (14 to 18 years old) the RME frequency is 98 days/year (7 days/week x 14 weeks/year) and the CTE frequency is 70 days/year (5 days/week x 14 weeks/year).



Exposure to sediment for the adult and teenage boaters will occur with a much lower frequency than exposure to surface water.  Rowing locations south of Dundee Dam launch from docks, so contact with the riverbank happens when rowers flip out of the boat and need to wade in to get back in.  It is, therefore, assumed that sediment contact occurs once a month for the RME scenario and once every two months for the CTE scenario.  Accounting for the length of rowing season (37 weeks for adults and 14 weeks for teenage boaters), the adult sediment exposure frequency is 9 days/year for RME and 4 days/year for CTE; the teenage boater exposure frequency is 4 days/year from RME and 2 days/year for CTE.”



EPA staff recommendation:  No change from July 11, 2011 comment letter, except to add the following sentence after the second sentence of EPA’s recommended language: 



“To be clear, the number of exposed individuals will likely increase as improvements to the shoreline and river are made, but the exposure frequency and duration for some individuals already engaging in these scenarios are not likely to increase.”



[Note:  EPA agrees that if the risk assessment shows that the swimmer scenario is driving the risk, we will revisit our approach to this aspect of the assessment.]



CPG Issue #2



	Comment 11:



Page 2, Section 1.1, 1st paragraph, as submitted in February 2011 RARC :  “The LPRSA was increasingly urbanized for more than two centuries; it has served as the receiving environment for industrial and municipal waste discharges since the nineteenth century.”



EPA July 11, 2011 comment:  Add after that line at the end of the paragraph:  “However, it is now increasingly used for recreational activities such as boating, fishing, and crabbing as parks and boat ramps are actively being restored or newly established (site-specific information provided by Passaic River Rowing Association 2010; Nereid Boat Club 2010; City of Newark 2010).



EPA staff recommendation:  No change from the July 11, 2011 comment letter, except to remove “crabbing” from the list of activities.



	Comment 83:



Page 69, Section 3.3.1.1, 2nd paragraph:  “The lower 6 miles are predominantly commercial and industrial with little public access.”



EPA July 11, 2011 comment:  Delete and replace with the following:  “Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, residential and recreational near RM4.  Land use is increasingly residential and recreational above RM 8.”



EPA staff recommendation:  Delete and replace with the following:  



“Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and starts to include more commercial, residential, and recreational uses around RM 4, with the locations of Riverbank and Minish Parks.”



	Comment 84:



EPA Comment in July 11, 2011 letter: Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 eastern bank; at RM 5.0, west bank (across street from NJPAC); at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).



EPA staff recommendation:  Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 eastern bank and at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).  It is not necessary to place an icon at RM 5.0, though we do have anecdotal evidence that people do go near the water there.



	Comment 86:  



Page 80, Section 3.3.1.1., “Lower River Segment,” 1st sentence:  “The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial/commercial in nature, with very little public access to the shoreline.”



EPA July 11, 2011 comment:  Rephrase as follows:  “The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, residential and recreational near RM 4.”



EPA staff recommendation:  Rephrase as follows:  



“The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles (near Newark Bay) and starts to become more commercial, residential, and recreational near RM 4.”	Comment by ensr: This new phrasing (“starts to become more”) also needs to be made in Section 1.1, 1st paragraph, 3rd sentence (Comment #10).



	Comment 87:



Page 80, Section 3.3.1.1, “Lower River Segment”:  “The shoreline along this stretch of the river consists of active or abandoned industrial areas.”



EPA July 11, 2011 comment:  Delete and replace with “The shoreline along this stretch of the river consists of active or abandoned industrial areas up to RM4, but then transitions to thin strips of park land abutting the river as land use becomes more commercial and residential.”



EPA staff recommendation:  Delete and replace with: 



“The shoreline along this stretch of river consists mainly of active or abandoned industrial areas up to RM 4, but then starts to include more thin strips of park land abutting the river as land use starts to become more commercial, residential, and recreational.”



Comment 92:



Page 81, Section 3.3.1.1., “Upper River Segment”:  “The Upper River Segment (preliminarily defined as RM 10 to the Dundee Dam) transitions, with increasing distance upriver, from a mixture of industrial, commercial and some residential areas and public parks to more residential areas, compared with other sections of the river.”



EPA July  11, 2011 comment:  Delete sentence and replace with “The Upper River Segment (preliminarily defined as RM10 to the Dundee Dam) is the most residential and recreational segment of the river.”



EPA staff recommendation:  The CPG may add EPA’s sentence (without the parenthetical) after the CPG sentence, rather than delete the CPG sentence and replace it with EPA’s sentence.





CPG Issue #3



	Comment 77:



Page 64, Section 3.3, 2nd paragraph, 1st sentence:  “The LPRSA is a large and complex sediment site, and current site conditions reflect its long industrial history and urban setting.”



EPA July 11, 2011 comment:  Insert at the end of the sentence the following clause:   “, although in the future, most of the river is increasingly expected to be used for recreational activities.”



EPA staff recommendation:  Add modified clause at the end of the sentence:    



“, although in the future, large sections of the river are is expected to be used increasingly to a greater extent for recreational activities.”	Comment by ensr: Phrasing is awkward – suggest alternate language shown in track changes.









Comment 104:



Page 91, Section 3.3.4.2, 1st paragraph:  “It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), adults (>18 years).  Given the visible presence of shoreline and floating debris and trash, the presence of pathogenic contamination, and the urban setting of the river, including lack of public beaches, it is anticipated that swimming now and in the foreseeable future will be limited.  However, based on EPA’s directive, it is assumed that both the current and future swimmer will be exposed to COPCs in sediment and surface water while swimming in the river via:..”



EPA July 11, 2011 comment:  Delete and replace with the following: “Individuals of all ages may visit the Passaic River to swim.  Swimming is included in New Jersey’s designated use of the freshwater portion of the river from the confluence with Second River to Dundee Dam (RM 8-17), where the water has a classification of FW2-NT/SE2.  Swimming under current conditions may be limited by the visible presence of shoreline and floating debris, and trash.  However, once the parks that are already under construction are completed, and when other recreational improvements in municipal master plans are undertaken, future conditions are expected to provide greater access to and be more conducive to swimming.  Therefore, it is assumed that the current and future swimmer will be exposed to COPCs through contact with sediment while entering and leaving the river, and while swimming.  Adult (>18 years), adolescent (7 to 18 years old) and young child (1 to 6 years old) swimmers are assumed to be exposed to sediment and surface water via: …”



EPA staff recommendation:  See response to Comment 105 under CPG Issue #1.  Use the language provided in that response to replace Section 3.3.4.2 in its entirety. 



Comment 105:



See response for Comment 105 under CPG Issue #1.



Comment 128:



Page 101, Section 3.3.4.8, “Surface Water Exposure Time,” 1st paragraph:  “Given the highly developed and urbanized nature of the LPRSA, including the pathogenic contamination throughout the study area, frequent and extended periods of swimming, wading, or other activities involving intensive contact with surface water are not expected to occur under current or foreseeable future uses.  Thus, the USEPA Region 20directed exposure times and frequencies for the receptor scenarios involving contact with surface water are likely to overestimate exposures in the LPRSA.  The use of USEPA’s national default swimming exposure time of 2.6 hours per event does not reflect site-specific conditions and was not intended for a water body with compromised water quality and no designated swimming areas.  However, at the direction of USEPA, this default assumption is used in the baseline HHRA for the LPRSA.  The USEPA-directed surface water exposure times for each receptor scenario are summarized in Table 3-4.”



EPA July 11, 2011 comment:  Delete and replace with the following, “The NJAC Surface Water Quality Standards classification for the Passaic River from RM 0 to 8 includes secondary contact recreation (E.G, boating and fishing), and from RM8 to 17 includes primary contact recreation (e.g., swimming and wading), among other uses.  A number of boating and sculling clubs already make frequent use of the river (Passaic River Rowing Association 2010, Nereid Boat Club 2010) and improvements are being made to boat ramps throughout the 17 miles (City of Newark 2010).  Swimming under current conditions may be limited by the visible presence of shoreline and floating debris and trash.  However, once the parks that are already under construction are completed, and when other recreational improvements planned in municipal master plans are undertaken, future conditions are expected to provide greater access to and be more conducive to swimming[footnoteRef:1].  Therefore, exposure times and frequencies are designed for both current and future river users who will be exposed to COPCs in sediment and surface water, as summarized in Table 3-4.”	Comment by ensr: Does this plan cover boat ramps throughout the LPRSA, or are additional references appropriate?	Comment by ensr: Suggest going with same text proposed by EPA for section 3.3.4.3 Swimmer.

“Given the visible deterrents to swimming along large sections of the river, including the presence of trash and debris and the generally urban setting of the river…” [1:  The national average for time spent swimming is 2.6 hours/day.] 




EPA staff recommendation:   Delete last sentence of EPA proposed language (“Therefore…”) and replace with: 



“The exposure times and frequencies summarized in Table 3-4 are designed to reflect both current and future river users.  While the number of people utilizing the river in such a way as to be exposed to surface water will likely increase as improvements to the river are made, the exposure times and frequencies for particular individuals already utilizing the river in these ways are not expected to increase.”



CPG Issue #4



Comment 7:



EPA July 11, 2011 comment:  Since the entire RARC is subject to USEPA approval, the terms “directed for use by USEPA Region 2” or “USEPA Region 2-directed” are unnecessary specifications and should be deleted.  Specific comments below provide many instances.



EPA staff recommendation:  In general, no change from EPA’s 7/11/11 comment, except as noted below.



Comment 78:



Page 64, Section 3.3, 2nd paragraph, last sentence:  While use of some default or surrogate assumptions will be necessary in the remedial decision-making process, USEPA guidance documents stress the importance of using data that represent the characteristics of the local population(s) and site when possible and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a).



EPA July 11, 2011 comment:  delete and replace with “However, USEPA guidance (USEPA 1991a) also allows the use of default values developed by USEPA when there is a lack of site-specific data or consensus on which parameter value to choose, given a range of possibilities.”



EPA staff recommendation:  The CPG may add EPA’s language after the CPG’s last sentence, rather than delete it.



Comment 95:



Page 82, Section 3.3.2, 1st paragraph, 5th sentence:  At the direction of USEPA Region 2, an additional receptor (Worker) not identified in the PFD has been included as a potential receptor.

EPA July 11, 2011 comment:  Delete “At the direction of USEPA Region 2,”



EPA staff recommendation:  EPA agrees to remove this comment; the referenced language may remain in the plan.



Comment 99:



Page 90, Section 3.3.4, 2nd paragraph:  The values to be used for each of the RME and CTE exposure parameters are those that USEPA Region 2 directed CPG to use, were issued as directives on November 5, 2010, and are representative of USEPA default values. These values are presented in this Revised RARC Plan. On September 10, 2010, USEPA Region 2 provided comments on CPG’s Draft RARC Plan. USEPA’s comments included specific scenarios and exposure parameter values to be used in the baseline HHRA. The exposure pathways, receptors, and parameter values were provided in tabular form following Risk Assessment Guidance for Superfund (RAGS) Part D format (USEPA 2001c). These tabulated scenarios and parameter values are included as Appendix C of this Plan.



EPA July 11, 2011 comment:  Delete 2nd paragraph (unnecessary explanation).



EPA staff recommendation:  CPG may leave this paragraph in, rewording the beginning as follows:  



“The values to be used for each of the RME and CTE exposure parameters are generally those that USEPA Region 2 directed CPG to use.   All of EPA’s directions are consistent with EPA guidance, practices, and policies for conducting risk assessments.  These values are presented ….”	Comment by ensr: Recommend that “generally” be struck from this sentence, as all of the exposure parameters are directed by EPA for CPG to use.






CPG Issue #5



Comment  110 (combining 110b and 110d):



Page 94, Section 3.3.4.7:  The ingestion rate is the amount of fish that an individual consumes on a daily basis based on averaging the reported consumption rate in one year over 365 days (i.e., an annualized rate). As directed by USEPA Region 2 and listed in Appendix C, the USEPA’s default fish ingestion rates for recreational freshwater anglers cited in USEPA’s Exposure Factors Handbook (USEPA 1997b) will be used. These rates are based on mail surveys of licensed anglers who pursue sportfishing in Maine, New

York (Lake Ontario), and Michigan (Great Lakes), and include both consumers and non-consumers (USEPA 1997b). The fish ingestion rates for the adult, adolescent, and child angler receptors as selected by USEPA Region 2 are as follows:



· Adult angler fish ingestion rate: RME of 26 g/day (the 95th percentile in the USEPA’s Exposure Factors Handbook), which is equivalent to approximately 40 half-pound meals/year, and CTE of 8 g/day (the recommended mean in the USEPA’s Exposure Factors Handbook) (USEPA 1997b)

· Adolescent angler (ages 7 to 18 years) fish ingestion rate: RME of 17 g/day and CTE of 5 g/day, based on USEPA’s assumption that the intake of the adolescent is approximately two-thirds that of the adult (USEPA 1997b)

· Child angler (ages 1 to 6 years) fish ingestion rate: RME of 8 g/day and CTE of 3 g/day, based on USEPA’s assumption that the intake of the child is approximately one-third that of the adult (USEPA 1997b)17



EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of fish that an individual consumes on a daily basis, based on averaging the reported consumption rate in 1 year over 365 days.  Ingestion rates for fish have been annualized and are presented in grams eaten per day (g/day).  The ingestion rate assumes the fish are caught while angling from the LPRSA only.  It is expected that ingestion of fish from local sources will be the main source of fish consumption for the anglers.  For consumption of fish, ingestion rates based on data collected for recreational anglers may obtained from the Exposure Factors Handbook (EFH) (USEPA 1997b), three surveys conducted in New Jersey (Burger 2002, May and Burger 1996, Center for Public Interest Polling and New Jersey Marine Sciences 1993, Burger et al 1998) and one survey conducted in New York (Connelly et al 1992).  Only the 1997 EFH, Burger 2002 and Connelly et al 1992 contain enough information to calculate statistical distributions for the ingestion rates.  Only the Burger 2002 and Connelly et al 1992 (as analyzed and applied in the externally peer-reviewed Human Health Risk Assessment for the Hudson River in TAMS Consultants 2000) included data from the New York/New Jersey Harbor, which encompasses the tidal portion of the Lower Passaic River (the 1997 EFH data were from surveys of anglers in Michigan, Maine and the Great Lakes).  Burger 2002 was from a survey conducted in the Newark Bay Complex.  Connelly et al (1992) was a New York Statewide Angler survey, whose data were used to calculate ingestion rates for the peer-reviewed Human Health Risk Assessment for the Hudson River (TAMS Consultants 2000).  Therefore, the fish ingestion rate for the Lower Passaic River RME adult angler (44 g/day) is calculated by averaging the high end (approximately 90th percentile) estimates from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day).  For the CTE value (13 g/day), the average of the mean of 22 g/day from Burger 2002 and the 50th percentile value of 4 g/day from Connelly et al 1992 is used.



A creel angler survey was conducted in the Lower Passaic River, as reported in Ray et al 2007.  The work plan for this survey was submitted to USEPA for review, but not approved; therefore, results from the survey cannot be used in this risk assessment.  However, it is noted that the fish ingestion rates for the RME adult based on data from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day) are consistent with the ingestion rate calculated from data reported in Ray et al 2007 (28 g/day).  Ray et al 2007 reported that only 7 anglers of those surveyed reported consuming fish.  The small number of consumers limits statistical evaluation of the consumption rate to the maximum reported consumption rate of 28 g/day (USEPA 1992d).”	Comment by ensr: As discussed at 12/1 meeting, the maximum consumption rate from Ray et al. is 23.95 g/day (Table 3 of Ray et al. 2007) not 28 g/day.  The 28 g/day rate listed on page 525 of Ray et al. 2007 is the result of a sensitivity analysis, although this is not clearly spelled out in the text of the article. 

As also discussed at the 12/1 meeting, the maximum is not the correct statistic for comparison.  For a correct comparison with Burger’s 57 g/day and Connelly et al’s 32 g/day (both 90th percentile values for consuming anglers), a 90th percentile rate for LPR consuming anglers should be used, which is 11.5 g/day.  



EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add the following language after the first sentence, “The following analysis of ingestion rates is based on EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The memorandum should also be referenced as an appendix to the report.



Comment 113:



Page 96, Section 3.3.4.7, Crab Ingestion Rate: For crabs, USEPA has directed that consumption rates be based on a 1999 survey of Newark Bay anglers, including crabbers (Burger 2002). Based on the responses of 110 anglers who reported consuming crab, a mean crab ingestion rate was derived by multiplying the number of crab meals eaten per month by the number of crabs eaten at each meal by the number of months per year that anglers go crabbing (and presumably eat their catch), assuming the average serving size from one crab is 70 g.  Based on the Burger analysis, USEPA Region 2 has determined the following crab consumption rates:



· Adult receptor crab ingestion rate: RME of 23 g/day and CTE of 16 g/day 

· Adolescent receptor (ages 7 to 18 years) crab ingestion rate: RME of 15 g/day and CTE of 11 g/day, based on the assumption that the intake for the adolescent is approximately two-thirds that of the adult (USEPA 1997b)

· Child receptor (ages 1 to 6 years) crab ingestion rate: RME of 8 g/day and CTE of 5 g/day, based on the assumption that the intake for the child is approximately one-third that of the adult (USEPA 1997b)



EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of crab that an individual consumes on a daily basis based on averaging the reported consumption rate in 1 year over 365 days.  Ingestion rates for crab have been annualized and are presented in grams eaten per day (g/day).  The ingestion rate assumes the crabs are caught while angling from the LPRSA only.  It is expected that the main source of crab for ingestion is from the LPRSA.



Two studies provided data on crab consumption (Burger 2002; Burger et al 1998).  Consistent with the recommendations in RAGS Part A, a crab consumption rate was calculated at the 90th percentile, since the 95th percentile was not available.  In Burger (2002), for people who only crabbed, approximately 4% of all respondents (6.3% of “consumers only”) ate more than 4,200 g/month. Similarly, about 15% of all respondents (23% of “consumers only”) ate more than 1,400 g/month.  Excluding the non-consumers, the 90th percentile crab ingestion rate for crab consumers is estimated to be 3,590 g/month, or 32 g/day (assuming crabs are consumed 3.3 months of the year, per Table 2 of the paper). The mean crab ingestion rate is 16 g/day, based on data provided in Table 2 of the Burger (2002) paper (assuming that 5,760 g/year is consumed during 3.3 months of the year). This mean crab ingestion rate is consistent with the mean value of 16.6 g/day from Barnegat Bay (Burger et al. 1998).  Burger et al. 1998 did not report enough information to support statistical calculations of a 95th percentile ingestion rate.  Other studies in this area reported crab consumption but an ingestion rate could not be calculated based on the information presented (Burger et al. 1999 and Kirk-Pflugh et al. 1999).



The 90th percentile crab ingestion rate of 32 g/day is selected as the adult RME ingestion rate and the mean crab ingestion rate of 16 g/day is selected as the adult CTE rate.  Ingestion rates for the child and adolescent receptors are estimated assuming rates 1/3 and 2/3 those of the adult ingestion rates, respectively, as is assumed for fish ingestion.”



EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add the following language after the first sentence, “The following analysis of ingestion rates is based on EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The memorandum should also be referenced as an appendix to the report.





CPG Issue #6



Comments 112, 114, and 135:   



[The CPG has agreed to send EPA studies relevant to its request to discuss CTE scenarios with EPA.   EPA staff will review the studies to determine whether we think there is a basis to engage in those discussions – and therefore withdraw this issue from the dispute resolution process.  ]







Comment 115:



Page 97, Section 3.3.4.7, Cooking Loss for Crab:  As directed by USEPA Region 2, for both the RME and CTE crab consumption scenarios, a preparation and cooking loss factor of zero percent will be used for all contaminants. This is based on USEPA Region 2’s assumption that anglers consume the cooking water every time they eat crab. The assumption of no cooking loss is a very conservative assumption, particularly for the CTE scenario. Based on NJDEP survey data, most individuals who catch and consume crabs do not eat the hepatopancreas, and many remove it prior to cooking (Macro 2007, 2008; NJDEP 2002; ORC Macro 2006). Even if the hepatopancreas is not removed prior to cooking, contaminants in the hepatopancreas that may be released during cooking do not result in higher concentrations in the muscle tissue (Zabik et al. 1992). Removal of the hepatopancreas prior to cooking and discarding the cooking water is also recommended by NJDEP’s crab consumption advisory (NJDEP and NJDHSS 2010).

USEPA Region 2 has agreed to review the appropriateness of assuming no cooking loss for the CTE crab consumption scenario; the values to be used in the baseline HHRA may be amended pending the outcome of USEPA Region 2’s review.



EPA July 11, 2011 comment:  Delete and replace with, “A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under the RME and CTE scenarios, because data are not currently available from EPA or published literature to support any type of reduction in concentration under this type of exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still be assumed for the RME and CTE scenarios in the risk assessment.”



EPA staff recommendation:  Since EPA will allow the use of a cooking loss of 20% for PCBs under the CTE scenario, please use the following revised language: 



“A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under the RME, because data are not currently available from EPA or published literature to support any type of reduction in concentration under this type of exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still be assumed for the RME scenario.  A PCB cooking loss of 20% based on Zabik et al. should be assumed for the CTE scenario in the risk assessment.”	Comment by ensr: Other lipophilic chemicals present in the crab tissue are expected to behave in a similar fashion.  Why is the CTE cooking loss factor limited to PCBs?





CPG Issue # 7



Comment 109:



Page 93, Section 3.3.4.5, 1st sentence: The resident is assumed to reside adjacent to the river.



EPA staff recommendation:  The residential scenario should be evaluated qualitatively in the risk assessment.  Results from the recent sampling of the recreational fields may be considered in the qualitative evaluation.  This scenario will need to be evaluated quantitatively at some point. Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this section can be deleted in its entirety.  



Comment 118:



Page 97, Section 3.3.4.8, Incidental Ingestion of Sediment, 2nd paragraph.  



EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this paragraph can be deleted in its entirety.



Comment 131:



Page 103, Section 3.3.4.8, Sediment and Surface Water Exposure Frequencies, 3rd paragraph.  



EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the future, this paragraph can be deleted in its entirety.





CPG Issue #8



Comment 104:



See response to  Comment 105 under CPG Issue #1.





Comment 128:



See response to Comment 128 under CPG Issue #3.





CPG Issue #9



Comment 78:



See response to Comment 78 under CPG Issue #4.





Baseline Ecological Risk Assessment



CPG Issue #10



Comment 8:



EPA July 11, 2011 comment:  Until agreement is reached on the definition of reference condition through review and approval of the technical memorandum detailing the approach for developing background and reference conditions, terminology consistent with EPA guidance (1994b, 1997a) should be used.  Delete “urban” before “reference” throughout document.  This does not imply that EPA has made any decisions regarding the appropriateness of using urban conditions as reference sites, only that EPA would prefer to explore the issue thoroughly using the technical memorandum that is yet to be submitted.



EPA staff recommendation:  No change from EPA’s 7/11/11 comment.  In addition, please change the wording used in Table 2.1 back to what was used in the original RARC submitted in July 2010, and as consistent with the PFD.  



CPG Issue #11



Comment 34 

Table 2-1 (pp 17-22).  

EPA July 11, 2011 comment: The question posed relative to the egg number from estuarine benthic omnivores is not a risk question.  This question needs to be revised to read “Is the fecundity of estuarine benthic omnivores (e.g. mummichog) from the LPRSA similar to the fecundity of benthic omnivores from appropriately selected reference sites.”

EPA staff recommendation:  The CPG may leave the risk question as it is, consistent with the wording in the PFD.  However, egg numbers from literature must be presented in the risk assessment to provide context for evaluating the Passaic River numbers.  

1
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EPA Staff Recommended Revisions to Select Comments Disputed by CPG 
 

Human Health Risk Assessment 
 
CPG Issue #1: 
 

Comments 100, 101, and 102: 
 
These comments all relate to Page 90, Section 3.3.4, Paragraph 3:  “As stated in USEPA’s September 10, 
2010 comments, the scenarios and exposure parameter assumptions are intended to capture exposures 
under a future site condition, when parks and open spaces have been improved and expanded or 
developed at sites currently under other uses.  Such improvements could make people more likely to 
visit and spend more time along the river.  USEPA Region 2 has directed that the same set of scenarios 
and exposure parameter assumptions be used to assess both current and potential future baseline site 
risks.  As a revitalized and redeveloped riverfront is not the current condition, this approach will lead to 
overestimates of current exposures.  However, as directed by USEPA Region 2, the same scenarios and 
exposure parameter assumptions are used to account for both current and future site conditions.” 
 
EPA staff recommendation:  Replace the entire paragraph that is referenced above with:  
 
“In accordance with USEPA Guidance (USEPA 1989b, USEPA 2001c[e1]), the scenarios and exposure 
parameter assumptions are intended to capture exposures under both current and future site 
conditions.  All of the exposure pathways are currently complete.  While expected improvements to the 
river and shoreline will likely increase the number of individuals utilizing the river, the exposure 
frequency and duration for some individuals already utilizing the river will not likely increase.  As such, 
the use of combined current/future exposure assumptions is appropriate.” 
 

Comment 105:  
 

Page 92, Section 3.3.4.2, last paragraph:  “Because the likelihood of swimming in the LPRSA depends on 
several factors, including access, riverbank type, adjoining land, and waterway uses, it may not be 
appropriate to include swimming as a potential exposure pathway throughout the river.  The 
applicability of the swimming scenario throughout the LPRSA will be evaluated based on consideration 
of the above factors, as discussed in Section 3.3.5. 
 
EPA July 11, 2011 comment:  Delete and replace with:  “In accordance with USEPA guidance (USEPA 
1995, 2001d), comprehensive community master plans are a valuable source of information in 
determining reasonably anticipated future land use.  Many municipalities and counties along the Lower 
Passaic River have published master plans that call for the expansion and improvement of parks and 
open space along the river that will lead to higher exposure in the future (City of Newark 2010, City of 
Newark et all 2004, Clarke et al 2004, Clarke et al 1999, Heyer et al 2003, Heyer et al 2002, Borough of 
Rutherford et al 2007).  While the general usage types of the river may remain the same in the future, 
the usage frequency and number of access locations should increase over time based on these plans.  
This increased usage is taken into account in the exposure parameters discussed in Section 3.3.5.” 
 
EPA staff recommendation:  This comment, and Comment 104 (which the CPG disputes under Issues #3 
and #8), both relate to Section 3.3.4.2 of the RARC.  The following language should be used to replace 
the language in Section 3.3.4.2, in its entirety: 
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Section 3.3.4.3  Swimmer 

 
It is assumed that recreational users of the LPRSA may occasionally engage in swimming in the river.  
Recreational swimmers include children (1 to 6 years), adolescents (7 to 18 years), and adults (>18 
years).  Given the visible deterrents to swimming along large sections of the river, including the 
presence of trash and debris and the generally urban setting of the river, the exposure frequency 
and duration for swimming is assumed to be relatively low, both currently and in the future.  To be 
clear, the number of exposed individuals will likely increase as improvements to the shoreline and 
river are made, but the exposure frequency and duration for some individuals already engaging in 
this scenario are not likely to increase.  It is assumed that the current/future swimmer may be 
exposed to COPCs in sediment and surface water while swimming via: 
  

• Direct Contact (incidental ingestion and dermal contact) with near shore river and mudflat 
surface sediment; 

• Direct contact (incidental ingestion and dermal contact) with river surface water; and 
• Inhalation of COPCs that may volatilize into outdoor air from exposed mudflat sediment 

and/or surface water. 
 

Note that swimming is included in New Jersey’s designated uses of the freshwater portion of the 
river from the confluence with Second River to Dundee Dam (RM 8 – 17), where the water has a 
classification of FW2-NT/SE2, though this stretch of the river does not always [e2]meet the standards 
associated with this classification.  While the lower portion of the river is not currently classified as 
suitable for swimming, New Jersey can change the classification as conditions warrant.  The 
applicability of the swimming scenario throughout the LPRSA will be evaluated as part of the risk 
assessment, as discussed in Section 3.3.5 of this report. 

 
Comment 130: 

 
Page 102-103, Section 3.3.4.8, “Sediment and Surface Water Exposure Frequencies,” 2nd paragraph:  
“The USEPA Region2-directed sediment and surface water exposure frequencies for each receptor 
scenario are summarized in Table 3-5.  The exposure frequencies reflect an improved and more 
attractive LPRSA where recreational activities involving contact with water are common (e.g., 259 
days/year surface water exposure for the adult boater, 39 days/year sediment exposure for the adult 
swimmer).  Since these frequencies do not represent current site conditions, their use will lead to 
overestimates of potential risks.” 
 
EPA July 11, 2011 comment:  Delete and replace with:   
 

Sediment and surface water exposure frequencies for each receptor scenario are summarized in 
Table 3-5.  The exposure frequencies for the angler, swimmer, wader, and boater reflect both 
current conditions on the river, as well as future conditions after shoreline improvements laid 
out in municipal master plans are carried out.  Adult anglers, swimmers, and waders are 
assumed to fish, swim or wade in locations where they would contact sediment and surface 
water once a week during the summer months (13 weeks/year), or 13 days per year, for the 
RME scenario, and once every two weeks, or 7 days per year, for the CTE scenario.  Adolescent 
anglers, swimmers, and waders are assumed to be exposed to sediment and surface water 3 
days per week during the summer months, or 39 and 20 days per year respectively for the RME 
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and CTE scenarios.  Anglers may catch fish on more days than is assumed here, but are not 
expected to contact sediment and surface water every day that they fish. 

 
The surface water and sediment exposure frequency for the older child boater who canoes or 
kayaks is assumed to be equal to other recreational scenarios like swimming or wading, and is 
therefore assumed to occur 13 days/year for the RME scenario and 7 days/year for the CTE 
scenario. 

 
Surface water exposure frequencies for the adult and teenage (14 to 18 years old) boaters are 
based on information provided by Passaic River boating clubs (PRRA 2010, Nereid Boat Club 
2010).  The rowing season extends from March through mid-November (37 weeks).  Adult 
boaters row up to 7 days/week, for 1 to 2 hours/day; average frequency is 250 days/year (7 
days/week x 37 weeks/year) and the CTE frequency is 111 days/year (3 days/week x 37 
weeks/year).  For the teenage boaters, the high school rowing season primarily is from late 
February through the end of May, and sometimes includes rowing minimally in the fall.  The 
high school teams row 5 to 7 days per week for 1 to 2 hours per day.  Based on this information, 
for teenage boaters (14 to 18 years old) the RME frequency is 98 days/year (7 days/week x 14 
weeks/year) and the CTE frequency is 70 days/year (5 days/week x 14 weeks/year). 

 
Exposure to sediment for the adult and teenage boaters will occur with a much lower frequency 
than exposure to surface water.  Rowing locations south of Dundee Dam launch from docks, so 
contact with the riverbank happens when rowers flip out of the boat and need to wade in to get 
back in.  It is, therefore, assumed that sediment contact occurs once a month for the RME 
scenario and once every two months for the CTE scenario.  Accounting for the length of rowing 
season (37 weeks for adults and 14 weeks for teenage boaters), the adult sediment exposure 
frequency is 9 days/year for RME and 4 days/year for CTE; the teenage boater exposure 
frequency is 4 days/year from RME and 2 days/year for CTE.” 

 
EPA staff recommendation:  No change from July 11, 2011 comment letter, except to add the following 
sentence after the second sentence of EPA’s recommended language:  
 
“To be clear, the number of exposed individuals will likely increase as improvements to the shoreline 
and river are made, but the exposure frequency and duration for some individuals already engaging in 
these scenarios are not likely to increase.” 
 
[Note:  EPA agrees that if the risk assessment shows that the swimmer scenario is driving the risk, we 
will revisit our approach to this aspect of the assessment.] 
 
CPG Issue #2 
 
 Comment 11: 

 
Page 2, Section 1.1, 1st paragraph, as submitted in February 2011 RARC :  “The LPRSA was increasingly 
urbanized for more than two centuries; it has served as the receiving environment for industrial and 
municipal waste discharges since the nineteenth century.” 
 
EPA July 11, 2011 comment:  Add after that line at the end of the paragraph:  “However, it is now 
increasingly used for recreational activities such as boating, fishing, and crabbing as parks and boat 
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ramps are actively being restored or newly established (site-specific information provided by Passaic 
River Rowing Association 2010; Nereid Boat Club 2010; City of Newark 2010). 
 
EPA staff recommendation:  No change from the July 11, 2011 comment letter, except to remove 
“crabbing” from the list of activities. 
 
 Comment 83: 
 
Page 69, Section 3.3.1.1, 2nd paragraph:  “The lower 6 miles are predominantly commercial and 
industrial with little public access.” 
 
EPA July 11, 2011 comment:  Delete and replace with the following:  “Adjacent land use is 
predominantly industrial in the lower river miles (near Newark Bay) and transitions to commercial, 
residential and recreational near RM4.  Land use is increasingly residential and recreational above RM 
8.” 
 
EPA staff recommendation:  Delete and replace with the following:   
 
“Adjacent land use is predominantly industrial in the lower river miles (near Newark Bay) and starts to 
include more commercial, residential, and recreational uses around RM 4, with the locations of 
Riverbank and Minish Parks.” 
 
 Comment 84: 
 
EPA Comment in July 11, 2011 letter: Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 
6.5 eastern bank; at RM 5.0, west bank (across street from NJPAC); at RM 4.0, south bank (across 
Raymond Blvd. from Riverbank Park). 
 
EPA staff recommendation:  Add “Potential Access to Shore” icons at Pathmark Parking Lot, RM 6.5 
eastern bank and at RM 4.0, south bank (across Raymond Blvd. from Riverbank Park).  It is not necessary 
to place an icon at RM 5.0, though we do have anecdotal evidence that people do go near the water 
there. 
 
 Comment 86:   
 
Page 80, Section 3.3.1.1., “Lower River Segment,” 1st sentence:  “The Lower River Segment (preliminarily 
defined as RM 0 to RM 6 based on salinity) is characterized as predominantly industrial/commercial in 
nature, with very little public access to the shoreline.” 
 
EPA July 11, 2011 comment:  Rephrase as follows:  “The Lower River Segment (preliminarily defined as 
RM 0 to RM 6 based on salinity) is characterized as predominantly industrial in the lower river miles 
(near Newark Bay) and transitions to commercial, residential and recreational near RM 4.” 
 
EPA staff recommendation:  Rephrase as follows:   
 
“The Lower River Segment (preliminarily defined as RM 0 to RM 6 based on salinity) is characterized as 
predominantly industrial in the lower river miles (near Newark Bay) and starts to become more 
commercial, residential, and recreational near RM 4.”[e3] 
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 Comment 87: 
 
Page 80, Section 3.3.1.1, “Lower River Segment”:  “The shoreline along this stretch of the river consists 
of active or abandoned industrial areas.” 
 
EPA July 11, 2011 comment:  Delete and replace with “The shoreline along this stretch of the river 
consists of active or abandoned industrial areas up to RM4, but then transitions to thin strips of park 
land abutting the river as land use becomes more commercial and residential.” 
 
EPA staff recommendation:  Delete and replace with:  
 
“The shoreline along this stretch of river consists mainly of active or abandoned industrial areas up to 
RM 4, but then starts to include more thin strips of park land abutting the river as land use starts to 
become more commercial, residential, and recreational.” 
 

Comment 92: 
 
Page 81, Section 3.3.1.1., “Upper River Segment”:  “The Upper River Segment (preliminarily defined as 
RM 10 to the Dundee Dam) transitions, with increasing distance upriver, from a mixture of industrial, 
commercial and some residential areas and public parks to more residential areas, compared with other 
sections of the river.” 
 
EPA July  11, 2011 comment:  Delete sentence and replace with “The Upper River Segment (preliminarily 
defined as RM10 to the Dundee Dam) is the most residential and recreational segment of the river.” 
 
EPA staff recommendation:  The CPG may add EPA’s sentence (without the parenthetical) after the CPG 
sentence, rather than delete the CPG sentence and replace it with EPA’s sentence. 
 
 
CPG Issue #3 
 
 Comment 77: 
 
Page 64, Section 3.3, 2nd paragraph, 1st sentence:  “The LPRSA is a large and complex sediment site, and 
current site conditions reflect its long industrial history and urban setting.” 
 
EPA July 11, 2011 comment:  Insert at the end of the sentence the following clause:   “, although in the 
future, most of the river is increasingly expected to be used for recreational activities.” 
 
EPA staff recommendation:  Add modified clause at the end of the sentence:     
 
“, although in the future, large sections of the river are is expected to be used increasingly to a greater 
extent for recreational activities.”[e4] 
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Comment 104: 
 
Page 91, Section 3.3.4.2, 1st paragraph:  “It is assumed that recreational users of the LPRSA may 
occasionally engage in swimming in the river.  Recreational swimmers include children (1 to 6 years), 
adolescents (7 to 18 years), adults (>18 years).  Given the visible presence of shoreline and floating 
debris and trash, the presence of pathogenic contamination, and the urban setting of the river, including 
lack of public beaches, it is anticipated that swimming now and in the foreseeable future will be limited.  
However, based on EPA’s directive, it is assumed that both the current and future swimmer will be 
exposed to COPCs in sediment and surface water while swimming in the river via:..” 
 
EPA July 11, 2011 comment:  Delete and replace with the following: “Individuals of all ages may visit the 
Passaic River to swim.  Swimming is included in New Jersey’s designated use of the freshwater portion of 
the river from the confluence with Second River to Dundee Dam (RM 8-17), where the water has a 
classification of FW2-NT/SE2.  Swimming under current conditions may be limited by the visible 
presence of shoreline and floating debris, and trash.  However, once the parks that are already under 
construction are completed, and when other recreational improvements in municipal master plans are 
undertaken, future conditions are expected to provide greater access to and be more conducive to 
swimming.  Therefore, it is assumed that the current and future swimmer will be exposed to COPCs 
through contact with sediment while entering and leaving the river, and while swimming.  Adult (>18 
years), adolescent (7 to 18 years old) and young child (1 to 6 years old) swimmers are assumed to be 
exposed to sediment and surface water via: …” 
 
EPA staff recommendation:  See response to Comment 105 under CPG Issue #1.  Use the language 
provided in that response to replace Section 3.3.4.2 in its entirety.  
 

Comment 105: 
 
See response for Comment 105 under CPG Issue #1. 
 

Comment 128: 
 
Page 101, Section 3.3.4.8, “Surface Water Exposure Time,” 1st paragraph:  “Given the highly developed 
and urbanized nature of the LPRSA, including the pathogenic contamination throughout the study area, 
frequent and extended periods of swimming, wading, or other activities involving intensive contact with 
surface water are not expected to occur under current or foreseeable future uses.  Thus, the USEPA 
Region 20directed exposure times and frequencies for the receptor scenarios involving contact with 
surface water are likely to overestimate exposures in the LPRSA.  The use of USEPA’s national default 
swimming exposure time of 2.6 hours per event does not reflect site-specific conditions and was not 
intended for a water body with compromised water quality and no designated swimming areas.  
However, at the direction of USEPA, this default assumption is used in the baseline HHRA for the LPRSA.  
The USEPA-directed surface water exposure times for each receptor scenario are summarized in Table 3-
4.” 
 
EPA July 11, 2011 comment:  Delete and replace with the following, “The NJAC Surface Water Quality 
Standards classification for the Passaic River from RM 0 to 8 includes secondary contact recreation (E.G, 
boating and fishing), and from RM8 to 17 includes primary contact recreation (e.g., swimming and 
wading), among other uses.  A number of boating and sculling clubs already make frequent use of the 
river (Passaic River Rowing Association 2010, Nereid Boat Club 2010) and improvements are being made 
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to boat ramps throughout the 17 miles (City of Newark 2010[e5]).  Swimming under current conditions 
may be limited by the visible presence of shoreline and floating debris and trash.  [e6]However, once the 
parks that are already under construction are completed, and when other recreational improvements 
planned in municipal master plans are undertaken, future conditions are expected to provide greater 
access to and be more conducive to swimming1

 

.  Therefore, exposure times and frequencies are 
designed for both current and future river users who will be exposed to COPCs in sediment and surface 
water, as summarized in Table 3-4.” 

EPA staff recommendation:   Delete last sentence of EPA proposed language (“Therefore…”) and replace 
with:  
 
“The exposure times and frequencies summarized in Table 3-4 are designed to reflect both current and 
future river users.  While the number of people utilizing the river in such a way as to be exposed to 
surface water will likely increase as improvements to the river are made, the exposure times and 
frequencies for particular individuals already utilizing the river in these ways are not expected to 
increase.” 
 
CPG Issue #4 
 

Comment 7: 
 
EPA July 11, 2011 comment:  Since the entire RARC is subject to USEPA approval, the terms “directed for 
use by USEPA Region 2” or “USEPA Region 2-directed” are unnecessary specifications and should be 
deleted.  Specific comments below provide many instances. 
 
EPA staff recommendation:  In general, no change from EPA’s 7/11/11 comment, except as noted 
below. 
 

Comment 78: 
 
Page 64, Section 3.3, 2nd paragraph, last sentence:  While use of some default or surrogate assumptions 
will be necessary in the remedial decision-making process, USEPA guidance documents stress the 
importance of using data that represent the characteristics of the local population(s) and site when 
possible and appropriate (USEPA 1989a, b, 1991a, 1997b, 1998a, 2000a). 
 
EPA July 11, 2011 comment:  delete and replace with “However, USEPA guidance (USEPA 1991a) also 
allows the use of default values developed by USEPA when there is a lack of site-specific data or 
consensus on which parameter value to choose, given a range of possibilities.” 
 
EPA staff recommendation:  The CPG may add EPA’s language after the CPG’s last sentence, rather than 
delete it. 
 

Comment 95: 
 

Page 82, Section 3.3.2, 1st paragraph, 5th sentence:  At the direction of USEPA Region 2, an additional 
receptor (Worker) not identified in the PFD has been included as a potential receptor. 

                                                            
1 The national average for time spent swimming is 2.6 hours/day. 
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EPA July 11, 2011 comment:  Delete “At the direction of USEPA Region 2,” 
 
EPA staff recommendation:  EPA agrees to remove this comment; the referenced language may remain 
in the plan. 
 

Comment 99: 
 
Page 90, Section 3.3.4, 2nd paragraph:  The values to be used for each of the RME and CTE exposure 
parameters are those that USEPA Region 2 directed CPG to use, were issued as directives on November 
5, 2010, and are representative of USEPA default values. These values are presented in this Revised 
RARC Plan. On September 10, 2010, USEPA Region 2 provided comments on CPG’s Draft RARC Plan. 
USEPA’s comments included specific scenarios and exposure parameter values to be used in the 
baseline HHRA. The exposure pathways, receptors, and parameter values were provided in tabular form 
following Risk Assessment Guidance for Superfund (RAGS) Part D format (USEPA 2001c). These tabulated 
scenarios and parameter values are included as Appendix C of this Plan. 
 
EPA July 11, 2011 comment:  Delete 2nd paragraph (unnecessary explanation). 
 
EPA staff recommendation:  CPG may leave this paragraph in, rewording the beginning as follows:   
 
“The values to be used for each of the RME and CTE exposure parameters are generally those that 
USEPA Region 2 directed CPG to use.   [e7]All of EPA’s directions are consistent with EPA guidance, 
practices, and policies for conducting risk assessments.  These values are presented ….” 
 
 
CPG Issue #5 
 

Comment  110 (combining 110b and 110d): 
 
Page 94, Section 3.3.4.7:  The ingestion rate is the amount of fish that an individual consumes on a daily 
basis based on averaging the reported consumption rate in one year over 365 days (i.e., an annualized 
rate). As directed by USEPA Region 2 and listed in Appendix C, the USEPA’s default fish ingestion rates 
for recreational freshwater anglers cited in USEPA’s Exposure Factors Handbook (USEPA 1997b) will be 
used. These rates are based on mail surveys of licensed anglers who pursue sportfishing in Maine, New 
York (Lake Ontario), and Michigan (Great Lakes), and include both consumers and non-consumers 
(USEPA 1997b). The fish ingestion rates for the adult, adolescent, and child angler receptors as selected 
by USEPA Region 2 are as follows: 
 

• Adult angler fish ingestion rate: RME of 26 g/day (the 95th percentile in the USEPA’s Exposure 
Factors Handbook), which is equivalent to approximately 40 half-pound meals/year, and CTE of 
8 g/day (the recommended mean in the USEPA’s Exposure Factors Handbook) (USEPA 1997b) 

• Adolescent angler (ages 7 to 18 years) fish ingestion rate: RME of 17 g/day and CTE of 5 g/day, 
based on USEPA’s assumption that the intake of the adolescent is approximately two-thirds that 
of the adult (USEPA 1997b) 

• Child angler (ages 1 to 6 years) fish ingestion rate: RME of 8 g/day and CTE of 3 g/day, based on 
USEPA’s assumption that the intake of the child is approximately one-third that of the adult 
(USEPA 1997b)17 
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EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of fish that an 
individual consumes on a daily basis, based on averaging the reported consumption rate in 1 year over 
365 days.  Ingestion rates for fish have been annualized and are presented in grams eaten per day 
(g/day).  The ingestion rate assumes the fish are caught while angling from the LPRSA only.  It is 
expected that ingestion of fish from local sources will be the main source of fish consumption for the 
anglers.  For consumption of fish, ingestion rates based on data collected for recreational anglers may 
obtained from the Exposure Factors Handbook (EFH) (USEPA 1997b), three surveys conducted in New 
Jersey (Burger 2002, May and Burger 1996, Center for Public Interest Polling and New Jersey Marine 
Sciences 1993, Burger et al 1998) and one survey conducted in New York (Connelly et al 1992).  Only the 
1997 EFH, Burger 2002 and Connelly et al 1992 contain enough information to calculate statistical 
distributions for the ingestion rates.  Only the Burger 2002 and Connelly et al 1992 (as analyzed and 
applied in the externally peer-reviewed Human Health Risk Assessment for the Hudson River in TAMS 
Consultants 2000) included data from the New York/New Jersey Harbor, which encompasses the tidal 
portion of the Lower Passaic River (the 1997 EFH data were from surveys of anglers in Michigan, Maine 
and the Great Lakes).  Burger 2002 was from a survey conducted in the Newark Bay Complex.  Connelly 
et al (1992) was a New York Statewide Angler survey, whose data were used to calculate ingestion rates 
for the peer-reviewed Human Health Risk Assessment for the Hudson River (TAMS Consultants 2000).  
Therefore, the fish ingestion rate for the Lower Passaic River RME adult angler (44 g/day) is calculated 
by averaging the high end (approximately 90th percentile) estimates from Burger 2002 (57 g/day) and 
Connelly et al 1992 (32 g/day).  For the CTE value (13 g/day), the average of the mean of 22 g/day from 
Burger 2002 and the 50th percentile value of 4 g/day from Connelly et al 1992 is used. 
 
A creel angler survey was conducted in the Lower Passaic River, as reported in Ray et al 2007.  The work 
plan for this survey was submitted to USEPA for review, but not approved; therefore, results from the 
survey cannot be used in this risk assessment.  However, it is noted that the fish ingestion rates for the 
RME adult based on data from Burger 2002 (57 g/day) and Connelly et al 1992 (32 g/day) are consistent 
with the ingestion rate calculated from data reported in Ray et al 2007 (28 g/day).  Ray et al 2007 
reported that only 7 anglers of those surveyed reported consuming fish.  The small number of 
consumers limits statistical evaluation of the consumption rate to the maximum reported consumption 
rate of 28 g/day (USEPA 1992d).”[e8] 
 
EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add 
the following language after the first sentence, “The following analysis of ingestion rates is based on 
EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The 
memorandum should also be referenced as an appendix to the report. 
 

Comment 113: 
 
Page 96, Section 3.3.4.7, Crab Ingestion Rate: For crabs, USEPA has directed that consumption rates be 
based on a 1999 survey of Newark Bay anglers, including crabbers (Burger 2002). Based on the 
responses of 110 anglers who reported consuming crab, a mean crab ingestion rate was derived by 
multiplying the number of crab meals eaten per month by the number of crabs eaten at each meal by 
the number of months per year that anglers go crabbing (and presumably eat their catch), assuming the 
average serving size from one crab is 70 g.  Based on the Burger analysis, USEPA Region 2 has 
determined the following crab consumption rates: 
 

• Adult receptor crab ingestion rate: RME of 23 g/day and CTE of 16 g/day  
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• Adolescent receptor (ages 7 to 18 years) crab ingestion rate: RME of 15 g/day and CTE of 11 
g/day, based on the assumption that the intake for the adolescent is approximately two-thirds 
that of the adult (USEPA 1997b) 

• Child receptor (ages 1 to 6 years) crab ingestion rate: RME of 8 g/day and CTE of 5 g/day, based 
on the assumption that the intake for the child is approximately one-third that of the adult 
(USEPA 1997b) 

 
EPA July 11, 2011 comment:  Delete and replace with, “The ingestion rate is the amount of crab that an 
individual consumes on a daily basis based on averaging the reported consumption rate in 1 year over 
365 days.  Ingestion rates for crab have been annualized and are presented in grams eaten per day 
(g/day).  The ingestion rate assumes the crabs are caught while angling from the LPRSA only.  It is 
expected that the main source of crab for ingestion is from the LPRSA. 
 
Two studies provided data on crab consumption (Burger 2002; Burger et al 1998).  Consistent with the 
recommendations in RAGS Part A, a crab consumption rate was calculated at the 90th percentile, since 
the 95th percentile was not available.  In Burger (2002), for people who only crabbed, approximately 4% 
of all respondents (6.3% of “consumers only”) ate more than 4,200 g/month. Similarly, about 15% of all 
respondents (23% of “consumers only”) ate more than 1,400 g/month.  Excluding the non-consumers, 
the 90th percentile crab ingestion rate for crab consumers is estimated to be 3,590 g/month, or 32 
g/day (assuming crabs are consumed 3.3 months of the year, per Table 2 of the paper). The mean crab 
ingestion rate is 16 g/day, based on data provided in Table 2 of the Burger (2002) paper (assuming that 
5,760 g/year is consumed during 3.3 months of the year). This mean crab ingestion rate is consistent 
with the mean value of 16.6 g/day from Barnegat Bay (Burger et al. 1998).  Burger et al. 1998 did not 
report enough information to support statistical calculations of a 95th percentile ingestion rate.  Other 
studies in this area reported crab consumption but an ingestion rate could not be calculated based on 
the information presented (Burger et al. 1999 and Kirk-Pflugh et al. 1999). 
 
The 90th percentile crab ingestion rate of 32 g/day is selected as the adult RME ingestion rate and the 
mean crab ingestion rate of 16 g/day is selected as the adult CTE rate.  Ingestion rates for the child and 
adolescent receptors are estimated assuming rates 1/3 and 2/3 those of the adult ingestion rates, 
respectively, as is assumed for fish ingestion.” 
 
EPA staff recommendation:  No change from language in July 11, 2011 comment letter, except to add 
the following language after the first sentence, “The following analysis of ingestion rates is based on 
EPA’s Technical Memorandum on Fish and Crab Consumption Rates dated July 25, 2011.”  The 
memorandum should also be referenced as an appendix to the report. 
 
 
CPG Issue #6 
 

Comments 112, 114, and 135:    
 
[The CPG has agreed to send EPA studies relevant to its request to discuss CTE scenarios with EPA.   EPA 
staff will review the studies to determine whether we think there is a basis to engage in those 
discussions – and therefore withdraw this issue from the dispute resolution process.  ] 
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Comment 115: 
 
Page 97, Section 3.3.4.7, Cooking Loss for Crab:  As directed by USEPA Region 2, for both the RME and 
CTE crab consumption scenarios, a preparation and cooking loss factor of zero percent will be used for 
all contaminants. This is based on USEPA Region 2’s assumption that anglers consume the cooking water 
every time they eat crab. The assumption of no cooking loss is a very conservative assumption, 
particularly for the CTE scenario. Based on NJDEP survey data, most individuals who catch and consume 
crabs do not eat the hepatopancreas, and many remove it prior to cooking (Macro 2007, 2008; NJDEP 
2002; ORC Macro 2006). Even if the hepatopancreas is not removed prior to cooking, contaminants in 
the hepatopancreas that may be released during cooking do not result in higher concentrations in the 
muscle tissue (Zabik et al. 1992). Removal of the hepatopancreas prior to cooking and discarding the 
cooking water is also recommended by NJDEP’s crab consumption advisory (NJDEP and NJDHSS 2010). 
USEPA Region 2 has agreed to review the appropriateness of assuming no cooking loss for the CTE crab 
consumption scenario; the values to be used in the baseline HHRA may be amended pending the 
outcome of USEPA Region 2’s review. 
 
EPA July 11, 2011 comment:  Delete and replace with, “A cooking loss factor accounts for the amount of 
contaminant in tissue that is lost during the cooking process and not consumed by the receptor.  Blue 
crabs are most often cooked whole by boiling or steaming (Sea Grant Marine Advisory Program 2006).  
Exposure to the contaminant depends not only of the specific part of the crab consumed, but also on 
the method of cooking.  NJDEP (2010) reports that no specific cooking method can be relied on to 
reduce the chemical contaminant levels in blue crabs.  Because the crab is cooked whole, even if the 
consumer does not eat the hepatopancreas, exposure to the chemical contaminant may still occur if the 
crab is cooked before the hepatopancreas is removed and if the liquid used to boil the crab is used in 
juices, sauces, bisques, or soups.  It should be assumed that the cooking liquid is consumed along with 
the crabmeat.  Therefore, cooking loss for crabs is assumed to be 0 percent for all contaminants under 
the RME and CTE scenarios, because data are not currently available from EPA or published literature to 
support any type of reduction in concentration under this type of exposure scenario.  A study published 
by Zabik et al. (1992), entitled “Effect of Preparation and Cooking on Contaminant Distributions in 
Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that boiling or steaming reduced PCB 
concentrations by greater than 20 percent in tissue, and that the cooking water contained about 80 
percent of the PCBs that were lost from the crabs (the study author was contacted to confirm these 
results).  Thus, most of the PCBs lost from the crabs could still be consumed if the cooking water is used 
to prepare soups, sauces, pasta, etc.  Potential cooking loss assuming discarding the cooking water may 
be discussed in the uncertainty section of the risk assessment, but a cooking loss of 0 percent should still 
be assumed for the RME and CTE scenarios in the risk assessment.” 
 
EPA staff recommendation:  Since EPA will allow the use of a cooking loss of 20% for PCBs under the CTE 
scenario, please use the following revised language:  
 
“A cooking loss factor accounts for the amount of contaminant in tissue that is lost during the cooking 
process and not consumed by the receptor.  Blue crabs are most often cooked whole by boiling or 
steaming (Sea Grant Marine Advisory Program 2006).  Exposure to the contaminant depends not only of 
the specific part of the crab consumed, but also on the method of cooking.  NJDEP (2010) reports that 
no specific cooking method can be relied on to reduce the chemical contaminant levels in blue crabs.  
Because the crab is cooked whole, even if the consumer does not eat the hepatopancreas, exposure to 
the chemical contaminant may still occur if the crab is cooked before the hepatopancreas is removed 
and if the liquid used to boil the crab is used in juices, sauces, bisques, or soups.  It should be assumed 
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that the cooking liquid is consumed along with the crabmeat.  Therefore, cooking loss for crabs is 
assumed to be 0 percent for all contaminants under the RME, because data are not currently available 
from EPA or published literature to support any type of reduction in concentration under this type of 
exposure scenario.  A study published by Zabik et al. (1992), entitled “Effect of Preparation and Cooking 
on Contaminant Distributions in Crustaceans: PCBs in Blue Crab,” was reviewed.  The study showed that 
boiling or steaming reduced PCB concentrations by greater than 20 percent in tissue, and that the 
cooking water contained about 80 percent of the PCBs that were lost from the crabs (the study author 
was contacted to confirm these results).  Thus, most of the PCBs lost from the crabs could still be 
consumed if the cooking water is used to prepare soups, sauces, pasta, etc.  Potential cooking loss 
assuming discarding the cooking water may be discussed in the uncertainty section of the risk 
assessment, but a cooking loss of 0 percent should still be assumed for the RME scenario.  A PCB cooking 
loss of 20% based on Zabik et al. should be assumed for the CTE scenario in the risk assessment[e9].” 
 
 
CPG Issue # 7 

 
Comment 109: 

 
Page 93, Section 3.3.4.5, 1st sentence: The resident is assumed to reside adjacent to the river. 
 
EPA staff recommendation:  The residential scenario should be evaluated qualitatively in the risk 
assessment.  Results from the recent sampling of the recreational fields may be considered in the 
qualitative evaluation.  This scenario will need to be evaluated quantitatively at some point. Since the 
residential scenario will no longer be evaluated quantitatively in this risk assessment, but rather in the 
future, this section can be deleted in its entirety.   
 

Comment 118: 
 
Page 97, Section 3.3.4.8, Incidental Ingestion of Sediment, 2nd paragraph.   
 
EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in 
this risk assessment, but rather in the future, this paragraph can be deleted in its entirety. 

 
Comment 131: 

 
Page 103, Section 3.3.4.8, Sediment and Surface Water Exposure Frequencies, 3rd paragraph.   
 
EPA staff recommendation:  Since the residential scenario will no longer be evaluated quantitatively in 
this risk assessment, but rather in the future, this paragraph can be deleted in its entirety. 
 
 
CPG Issue #8 
 

Comment 104: 
 
See response to  Comment 105 under CPG Issue #1. 
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Comment 128: 
 
See response to Comment 128 under CPG Issue #3. 
 
 
CPG Issue #9 

 
Comment 78: 

 
See response to Comment 78 under CPG Issue #4. 
 
 
Baseline Ecological Risk Assessment 

 
CPG Issue #10 
 

Comment 8: 
 
EPA July 11, 2011 comment:  Until agreement is reached on the definition of reference condition 
through review and approval of the technical memorandum detailing the approach for developing 
background and reference conditions, terminology consistent with EPA guidance (1994b, 1997a) should 
be used.  Delete “urban” before “reference” throughout document.  This does not imply that EPA has 
made any decisions regarding the appropriateness of using urban conditions as reference sites, only that 
EPA would prefer to explore the issue thoroughly using the technical memorandum that is yet to be 
submitted. 
 
EPA staff recommendation:  No change from EPA’s 7/11/11 comment.  In addition, please change the 
wording used in Table 2.1 back to what was used in the original RARC submitted in July 2010, and as 
consistent with the PFD.   

 
CPG Issue #11 
 

Comment 34  

Table 2-1 (pp 17-22).   

EPA July 11, 2011 comment: The question posed relative to the egg number from estuarine benthic 
omnivores is not a risk question.  This question needs to be revised to read “Is the fecundity of estuarine 
benthic omnivores (e.g. mummichog) from the LPRSA similar to the fecundity of benthic omnivores from 
appropriately selected reference sites.” 

EPA staff recommendation:  The CPG may leave the risk question as it is, consistent with the wording in 
the PFD.  However, egg numbers from literature must be presented in the risk assessment to provide 
context for evaluating the Passaic River numbers.  
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